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(54) Image inpiaVoutput control syst&m 



(57) A scanner is connected to a G bus and a B 
bus by way of a scanner controller and a G bus/B bus 
interface (GBI). A printer is connected in a similar 
manner. Furtheffmore, the scanner controller is 
connected directly to a printer controller with a CP 
bus. The GBI is capable of performing DMA transfer and 
data can be transferred between the GBIs. Furthermore, 
data can be tran^en-ed by way of the G bus and a RAM 
.or the B bus andlhe RAM. The GBI is connected to the 
scanner controller and the printer controller by way of 
FIFOs, respective. Accordingly, an in^age input/output 
control system according to the present invention is 
capable of absorbing differences in data transfer 
speeds and caini be connected to various kinds of 
scanners and pricsters. 
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BACKGROUND OF THE INVENTION 

g [OO01] The present invention relates to an image input/output control system which effectively controls, for 
example, an image input apparatus such as a scanner and an image output apparatus such as a printer. 
|0002] There has conventionally been put to practical use an Image processing system called a composite 
appliance such as a copying machine or a facsimile which is equipped with a combination of an image input apparatus 
sia:h 3S a scanner and an Image output apparatus such as a printer as well as a computer system which is equipped 
wffih an image input apparatus and an image output apparatus as separate component units. When the image 

10 pc®cessing system is incapable of operating the image input apparatus and the image output apparatus in 
synchronization with each other, a composite function such as a copying function is realized by outputting image 
dafca whlch is taken from the image input apparatus once into a memory to the image output apparatus. When the image 
processing system is capable of operating the image input apparatus and the image output apparatus in 
synchronization with each other, the composite function such as the copying function is realized by disposing a passage 
wfaBCh transfers an image signal from the image input apparatus directly to the image output apparatus. 

15 (0003] The conventional image processing system adopts an optimum circuit configuration dependently on 
functions of the image input apparatus and the image output apparatus as described above. 

^04] Furthermore, an interface circuit which connects an image input apparatus to an image output apparatus is 
optimized according to specifications for the image input apparatus and the image output apparatus and 
specifications for a bus to be connected. 

20 poos] When a configuration of the interface circuit is optimized to functions of the image input apparatus and 
the image output apparatus as described above, the configuration of the interface circuit must be modified each time 
the image input apparatus and the image output apparatus are modified. Accordingly, the conventional image 
processing system poses a first problem that it does not permit free selection for use of various kinds of image 
input apparatuses and image output apparatuses. 

[0006] Furthermore, the conventional image processing system poses a second problem that it fixes uses of 
25 hardware resources such as memories and buses, thereby making it impossible to optimize the hardware resources 
dependentiy on various operating modes. 

[QO07] When the copying function is realized by outputting a image signal which is taken from the image input 
apparatus once into the memory to the image output apparatus, the conventional image processing system poses a 
thHTd {problem that it requires reserving a memory area even during a copying operation. 
20 [0008] When the copying function is realized by disposing a passage which connects the image input apparatus 
doi^tiy to the image output apparatus in addition to passages which connect the image input apparatus and the image 
oEitput apparatus to the memory, the conventional image processing system poses a fourth problem that a hardware 
configuration is complicated, thereby constituting a cause to enhance a cost. 

[QI109] When the configuration of the interface circuit is optimized to the specifications for the image input 
apparatus and the image output apparatus as well as the specifications for the bus to be connected, the conventional 
35 inrage processing system poses a fifth problem tiiat it requires modification of the configuration of the interface 
circuit vvhen the specifications for the image input apparatus and the image output apparatus are changed, when the 
imia.ge input apparatus or the image output apparatus is exchanged or when the specifications for the bus are changed. 

SUMMARY OF THE INVENTION 

^ [0010] A primary object of the present invention which has been achieved in view of the conventional example 
dscrtbed above is to provide a control system for composite appliances which prepares a plurality of passages as 
image signal passages corresponding to functions of image input apparatuses and image output apparatuses, and 
penriits selecting an optimum passages out of the image signal passages, thereby requiring no modification of a 
ctncuit configuration even when an image input apparatuses and an image output apparatus are changed and permitting 
freely selecting for use of a various kinds of image input apparatus and image output apparatus. 
[0011] A secondary object of the present invention is to provide a control system for composite appliances which 
pesimits using hardware resources such as memories and buses dependently on various operating modes such as a 
mode to connect an image input apparatus directiy to an image output apparatus, a mode to connect the image input 
apparatus to the image output apparatus by way of a FIFO and a mode to store image data read from the image input 
apparatus once into a memory and then output the image data to the image output apparatus. 

50 [Q012] A tertiary object of the present invention is to provide a control system for composite appliances which 
buiffers diffeience in data rate between an image input apparatus and an image output apparatus with a FIFO when a 
copying function is realized by outputting a image signal taken from an image input apparatus to an image output 
apparatus, thereby eliminating the necessity to reserve a memory area for copying. 

[09913] A quatemary object of the present invention is to provide a control system for composite appliances 
^ which permits simplifying a hardware configuration regardless of kinds of image input apparatuses and image output 
apparatuses by preparing a configuration for direct connection of controllers of the image input apparatus and the 
irnage output apparatus even when a copying function is realized by providing a passage which connect the image input 
apparatus directly to the imago output apparatus in addition to passages which connect the image input apparatus and 
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the image output apparatus tk) the memory. 

[0014] A quaternary ofcject of the present invention is to provide a control system for composite appliances 
which uses a common int^face -circuit for a bus regardless of specifications for an image input apparatus and. an 
image output apparatus, arod comprises a configuration which converts input/output signals from the image input 
apparatus and the image ©utput apparatus into input/output signals for a bus interface, thereby eliminating ; a 
necessity to change a confi^ration of the interface circuit. 

[0015] In order to accoiniplisti the objects described above, an image input/output control system as an aspect of 

the present invention comprises: 

receiving means which receives a image signal from image input means; 

10 

transmitting means whicfii sends out the image signal to image output means; 

connecting means whicfe connects the receiving means to the transmitting means by way of a plurality of passages; 
and 

*5 transferring means which selects one of the plurality of passages and transfers the image signal from the 

receiving means to the transmitting means by way of the selected passage. 



[0016] It is more prefer^e that the image input/output control system further comprises memory means which is 
capable of storing the image signal and a bus which connects the memory means, the receiving means and the 
transmitting means, that the connecting means connects the receiving means to the transmitting means through at 
least three passages: a first passage for direct connection, a second passage by way of the bus, and a third passage 
by way of the bus and the msmory means; and that the transferring means transfers the image signal through any one 
of the three passages. 

[0017] It is more prefenabie to configure the image input/output control system so that the transferring means 
selects the first passage when :an input timing of the image Input means is coincident with an output timing of the 
image output means in vertical synchronous signals, horizontal synchronous signals and video clock signals, the 
second passage when the n^put timing of the image input means is coincident with the output timing of the image 
output means only in the hvorizontal synchronous signals or the third passage when the input timing of the image 
input means is coincident witHa .the .output timing of the image output means in no signals. 

[0018] It is more prefecabte to configure the image input/output control system so that the transferring means 

selects the third passage when a image signal input from the image input means is to be processed. 
[0019] It is more preferable to configure the image input/output control system so that the receiving means 
comprises a FIFO buffer which receives the image signal input from the image input means and the transmitting means 
comprises a FIFO buffer whic^ transmits the image signal to the image output means. 

[0020] It is more preferable to configure the image input/output control system so that the receiving means and 

the transmitting means each lhave two stages of FIFO buffers. 

[0021] it is more preferable to configure the image input/output control system so that the bus comprises a 
plurality of buses which are different from one another, the second passage passes by way of any one of the buses 
different from one another and the transferring means selects a passage which passes by way of a bus having a 
fastest speed out of the plurality of buses as a passage to transfer the image signal. 

[0022] It is more preferable to configure the image input/output control system so that the receiving means 
comprises first conversion rmeans which converts a type of an image represented by the image signal from the image 
input means. 

[0023] It is more preferable to configure the image input/output control system so that the transmitting means 
comprises second conversiam means which converts a type of an image represented by the image signal in order to 
transmit it to the image output means. 

[0024] It is more preferabfle to configure the image input/output control system so that the receiving means and 
transmitting means transmittiirag the image signal using the buses as bus masters. 

[0025] Furthermore, an itmage input/output control system as another aspect of the present invention comprises: ' 
a plurality of buses; 

an input controller which; iinputs a image signal from image signal Input means; 

a first bus interface whicfia connects tiie input controller to at least one of the plurality of buses; 

an output controller whicfli outputs the image signal to image signal output means; 

a second bus interface vstiich connects the output controller to at least one of the plurality of buses; 

a memory to which access can be made from the plurality of buses respectively; and 
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a controller bus which connects the input controller to the output controller, 

wherein the image input/output control system transfers a image signal from the image signal input means to the 
image signal output means in any one of a firsts mode in which the image signal is transferred from the input 
controBer directly to the output controller, a second mode in which the image signal is transferred from the 
first bus interface to the second bus interface and a third mode in which the image signal is transferred from 
the first bus interface to the memory, from which It is transferred to the second bus interface. 

P)026] It is more preferable that the image input/output control system selects one of the three transfer modes 
dependently on functions of the image signal input means and the image signal output means. 
pH)271 It is more preferable that the image input/output control system selects one of the three transfer modes 
dependentty on whether or not the image signal is to be processed, 

[Q028] It is more preferable that the Image Input/output control system selects one of the three transfer modes 
dependently on conditions of use of the memory and buses. 
^5 IP029] Alternately, the image input/output control system in still another aspect of the present invention comprises: 

an input controller which inputs a image signal; 

a first bus interface which connects the input controller to a bus; 

20 

an output controller which outputs the image signal; and 

a second bus interface which connects the output controller to the bus, 

wherein the input controllei comprises a FIFO buffer which absorbs a difference in transfer timing fi'om an input 
25 source of the image signal, the first bus interface comprises a FIFO buffer which absorbs a difference in 

".. transfer timing from the bus, the second bus interface comprises a FIFO buffer which absorbs a difference in 
transfer timing from the bus and the output controller comprises a FIFO buffer which absorbs a difference in 
transfer timing from a transfer destination of an output image signal. 

30 [0030] Mernately, the Image input/output control system in still another aspect of the present invention comprises: 
an input controller which inputs a Image signal in compliance with an input image signal format; 
a first bus interface which connects the input controller to a bus; 

an output controller which outputs the image signal in compliance with an output image signal format; and 
a second bus interface which connects the output controller to the bus, 

wherein the input controller comprises first conversion means which converts the input image signal format into 
40 an image format for the first bus interface and a FIFO buffer which absorbs a difference in transfer timing 

between the input image signal and the first bus interface, wherein the first bus interface comprises a FIFO 
buffer which absorbs a difference in transfer timing between the first bus interface and the bus, 

wherein the second bus interface comprises a FIFO buffer which absorbs a difference in transfer timing between 
the bus and the second bus interface, and 

wherein the output controller comprises second conversion means which converts an image format for the second 
bus interface into an output image signal format and a FIFO buffer which absorbs a difference in transfer timing 
.between the second bus interface and an output image signal. 
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[O031] It is more preferable to conifigure the image input/output control system so that the input image signal 
format and the output image signal format include fomnats representing binary image data, many-valued image data, 
color image data and compressed image data. 

[0032] It is more preferable to configure the image input/output control system so that the input image signal 
format is a format in which image signals corresponding to at least two pixels are input in parallel and the output 
55 image signal format is a format in which image signals corresponding to at least two pixels are output in parallel. 

[O033] Furthemiore, an image inpiit/output control system in further another aspect of the present inverition 
comprises: 
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an input controller which inputs a image signaA; 

a>first bus interface which connects the input controller to a bus; 
^ an output controller which outputs the image signal; and 

a second bus interface which connect the output controller to the bus, 

wherein the input controller comprises a FfFO buffer which absorbs a difference in transfer timing between the 
input image signal and the first bus interface, 

10 

wherein the first bus interface comprises a FIFO buffer which absorbs a difference in transfer timing between 
the first bus interface and the bus, and first DMA control means which controls DMA transfer to the bus, 

wherein the second bus interface comprises a FIFO buffer which absorbs a difference in transfer timing between 
•flie bus and the second bus interface, and second DMA control means which controls DMA transfer from the bus, 
15 and 

wherein the output controller comprises a RFO buffer which absorbs a difference in transfer timing between the 
second bus interface and the output image signal, 

whereby the image signal is transferred fro:m the first' bus interface to the second bus interface by the first 
and second DMA control. means. 

[00343 it is more preferable to configure the image input/output control system so that the DMA transfer from 
the Inst bus interface to the . second bus interf«:e -can be cpntrolled. by either of the first DMA control means and 
25 the second DMA coritrol means. . 

[00323 It is more preferable to configure the image input/output control system so that the DMA transfer from 
the first bus interface to the, second bus inter^oe is controlled by the first DMA control means or the second DMA 
control means whichever has no margin in tiie image signal transfer timing. 

[0036] It is more preferable to configure the image input/output control system so that the first bus interface and 
the second bus interface are connected to a pHurality of buses, and the DMA transfer is carried out using a bus 
30 which is used at a lowest frequency out of the plurality of buses. 

[0037] It is more preferable that the image input/output control system is configured as a semiconductor device 
fonmed on a single semiconductor substrate. 

[0O38] Other features and advantages of the present invention mW be apparent from the following description 
taken in conjunction with the accompanying drawings, in which tike reference characters designate the same or 
35 similar parts throughout the figures thereof. 

BRSEf DESCRIPTION OF THE DRAWINGS 

[0O39] The accompanying drawings, which are incorporated in and constitute a part of the specification, 
iilu^ate embodiments of the invention and, together with:the description, serve to explain the principles of the 
40 invention. 

FIG. 1 Is a diagram showing an example of configuration. of an apparatus or a system which uses a DoEngine; 

FIG. 2 is a diagram showing an example of canfiguration of an apparatus or a system which uses a DoEngine; 

^ FIGS. 3A, 3B and 3C are diagrams showing examples of configurations of apparatuses and a system, which uses a 

DoEngine; 

FIG. 4 is a block diagram of a DoEngine; 
5^ FIG. 5 is a diagram showing three states of a cache memory controller; 

F^G. 6 is 3 block diagram of an interrupt controller 410; 

FIG. 7 is a block diagram of a memory controfiler 403; 

55 FIG. 8 is a detailed block diagram' of a cache controller 706 and peripheral devices; 

FIG. 9 is a flowchart shoving operations of a cache when a memory read/write transfer is requested from an MC 
bus; 
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FIG. 10 is a flowchart showing operations of the cache when a memory read/write transfer is requested from the • 





UC bus; 
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FIG. 


11 is 


a diagram showing a configuration of a ROM/RAM controller 707; 




FIG. 


12 is 


a timing chart showing a timing of burst read by a CPU; 




FIG. 


13 is 


a timing chart showing a timing of burst write by the CPU; 
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FIG. 


14 is 


a timing chart showing a timing of burst read by a G-bus device; 




FIG. 


15 is 


a timing chart showing a timing of burst write by the G-bus device; 




FIG. 


16 is 


a timing chart showing a timing of single read when a memory front cache is hit; 


15 


FIG. 


17 is 


a timing chart showing a timing of single read when the memory front cache is not hit; 




FIG. 


18 is 


a timing chart showing a timing for single write when the memory front cache is hit; 




FIG. 


19 is 


a timing chart showing a timing for single write when the memory front cache is not hit; 


20 


FIG. 


20 is 


a block diagram of a system bus bridge (SBB) 402; 




FIG. 


21 is 


a block diagram of a B bus interface; 




FIG. 


22 is 


a block diagram of a G-bus interface 2006; 



25 

FIGS. 23A through 23D are diagrams showing a virtual memory map, a physical memory map, a memory map in an 
address space of the G bus and a memory map In an address space of the B bus; 

FIGS. 24A through 24D are diagrams- showing maps of 512 Mbytes slashed in FIGS. 23A through 23D including 
registers and so on; 

30 

FIG. 25 is a block diagram of an address switch 2003; 

FIG. 26 is a block diagram of a data switch 2004; 

FIG. 27 is a timing chart showing a write/read cycle for the G bus; 

FIG. 28 is a timing chart showing a burst stop cycle for the G bus; 

FIG. 29 is a timing chart showing a transaction stop cycle for the G bus; 
40 FIG. 30 is a timing chart showing the transaction stop cycle for the G bus; 

FIG. 31 is a timing chart showing the transaction stop cycle for the G bus; 

FIG. 32 is a timing chart showing the transaction stop cycle for the G bus; 
45 FIG. 33 is a block diagram of a PCI bus interface 416; 

FIG. 34 is a block diagram of a G bus arbiter (GBA) 406; 

FIG. 35 is a block diagram of DMA by a bus master on G buses around a G bus 404 in a DoEngine 400; 

50 

FIG. 36 is a diagram showing an example of a fair arbitration mode (fair mode) wherein a number of successive 
uses of bus is set at 1 for each of bus masters 1 through 4; 

FIG. 37 is a diagram showing an exarnple of a fair arbitration mode wherein a number of successive uses of bus is 
set at 2 for the bus master 1 only and at 1 for the other bus masters; 

55 . . : • . ■ 

FiG. 38 is a diagram showing an example of a priority arbitration mode wherein a number of successive uses of 
bus Is set at 1 for each bus master and the bus master 1 is set as a high priority bus master; 
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FIG. 39 is a diagram showing an example wherein a bus request for the bus master 4 is interrupted though it is 
allowed by the bus request from the bus master 1; 

FIG. 40 is a block diagram of a B bus arbiter 407; 

FIG. 41 is a block diagram of a synchronous unit 4001 ; 

FIG. 42 is a diagram of a comparation unit in the synchronous unit; 

FIG. 43 is a block diagram of a scanner/printer controller; 

FIG. 44 is a block diagram of a scanner controller 4302; 

FIG. 45 is a block diagram of a scanner device l/F 4401 ; 

FIG. 46 is a block diagram of a scanner video clock unit 4402; 

FIG. 47 is a block diagram of a scanner video data mask 4601 ; 

FIG. 48 is a block diagram of a scanner video data mask 4602; 

FIG. 49 is a block diagram of a scanner video data width converter 4603; 

FIG. 50 is a diagram showing an arrangement of color image data having 8 bits each in R, G and B (24-bit storage 
mode) in a memory; 

FIG. 51 is a diagram showing, an arrangement of color image data having 8 bits each in R, G and B (32-bit storage 
mode) in the memory; 

FIG. 52 is a diagram showing an arrangement of white-black image data having 8 bits in the memory; 

FIG. 53 is a diagram showing an arrangement of binary white-black image data in the memory; 

FIG. 54 is a timing chart for conversion of many-valued 8-bit white-black image data into a 64-blt width by a 
BW8 packing unit 4901; 

FIG. 55 is a timing chart for image data input to convert the binary white-black image data into the 64-bit 
width by a shift register 4902; 

FIG. 56 is a timing chart to convert image data having 8 bits each in R, G and B (24 bits in total) into the 64- 
bit width by an RGB packing unit 4903; 

FIG. 57 is a block diagram of the RGB packing unit 4903; 

FIG. 58 is a block diagram of a scanner image data transfer FIFO controller 4403; 

FIG. 59 is a block diagram of a scanner controller control register 4404; 

FIG. 60 is a block diagram of an IRQ controller 4406; 

FIG. 61 is a block diagram of a memory fill mode controller 4405; 

FIG. 62 is a timing chart for data read from the scanner controller 4302 and DMA transfer; 

FIG. 63 is a timing chart for read or write from or into an internal register of the scanner controller 4302; 

FIG. 64 is a diagram showing relationship among values of signal sccDmaPmState, clock states and values of 
signal sccPmState; 

FIG. 65 is a diagram summarizing core areas including blocks in the scanner controller 4302 and signals which 
are input and output into and from external buses and scanners; 

FIG. 66 is a block diagram of a printer controller 4303; 

FIG. 67 is a block diagram of a printer device l/F 6601 ; 
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FIG. 68 is a block diagram of a printer video clock unit 6602; 

FIG. 69 is a block diagram of a printer video data mask 6801; 

FIG. 70 is a block diagram of a printer video synclironous control unit 6802; 

FIG. 71 A is a block cfiagram of a video data width converter 6803; 

FIG. 71 B is a block diagram of the video data width converter 6803; 

FIG. 72 is a diagram showing an arrangement of color image data having 8 bits each in R, G and B (24-bit storage 
mode) in a memory; 

FIG. 73 is a diagram showing an arrangement of color image data having 8 bits each in R, G and B (32-bit storage 
mode) in the memory; 

FIG. 74 is a diagram showing an arrangement of 8-bit white-black image data in the memory. 
FIG. 75 is a diagram showing an arrangement of binary white-black image data in the memory; 
FIG. 76 is a block diagram of an RGBout unit 7101; 

FIG. 77 is a block diagram of a printer image data transfer FIFO controller 6603; 

FIG. 78 is a block diagram of a printer controller control register 6604; 

FIG. 79 is a block diagram of an IRQ controller 6605; 

FIG. 80 is a block diagram of the IRQ controller 6605; : • 

FIG. 81 is a block diagram of a printer command/status control unit 6606; 

FIG. 82 is a block diagram of an option controller control unit 6607; 

FIG. 83 is a timing chart for DMA transfer of data to the printer controller 4303; 

FIG. 84 Is a timing chart for yy^e and read into and from an internal register of the printer controller 4303; 

FIG: 85 is a diagram showing relationship among values of signal pscDmaPmState, clock states and values of 
signal prcPmState; 

FIG. 86 Is a. diagram summarizing core areas including blocks in the printer controller 4303 and signals which 
are input and output into and from external buses and scanners; 

Fig, 87 is a block diagram of power management unit 409; 

FIG. 88 is a block diagram of a bus agent; 

FIG. 89 is a -diagram showing a block to be used in a copy mode in which an image Is copied by transferring 
image data from the scanner controller directly to the printer controller; 

FIG. 90 is a diagram showing a block to be used in a copy mode in which an image is copied by transferring image 
data from the scanner controller to the printer controller by way of a FIFO; 

FIG. 91 is a diagram showing a block to be used in a copy mode in which an Image is copied by transferring image 
data from the scanner controller to the printer controller by way of a memory; 

FIG. 92 is a block diagram of a GBI; 

FIG. 93 is a block diagram of a FIFO unit; 

FIG. 94 is block diagram of a GBus controller; 

FIG. 95 is a block diagram of a BBus controller; 
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FIG. 96 is a block diagram of a DMA controller; 
FIG. 97 is a block diagram of a register unit; 
^ FIG. 98 is a diagram showing an example of configuration of a chain table; 

FIG. 99 is a diagram showing a core interface of the GBI; 
FIG. 100 is a flowchart showing procedures to select a copy mode; 

10 

FIG. 101 is a diagram showing a circuit which switches data buses in the scanner controller 4302; 

FIG. 102 is a diagram showing a circuit which switches data buses in the printer controller 4303; 

FIG. 103 is a flowchart showing another example of cache operations when a memory read/write transfer is 
15 requested from an MC bus; 

FIG. 1 04 is a flowchart showing still another example of cache operations when the memory read/write transfer is 
requested from the MC bus; 

FIG. 105 is a flowchart showing still another exannple of cache operations when the memory read/write transfer is 
requested from the MC bus; and 

FIG. 106 is a flowchart showing a further example of cache operations when the memory read/write transfer is 
requested from the MC bus. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION 

[0040] Now. description will be made of a "DoEngme" preferred as an embodiment of the present Invention which 
is a single-chip scanning and printing engine comprising a processor core, a processor peripheral controller, a 
memory controller, a scanner/printer controller, a PCI interface and so on. 

1. DoEnglBie 

[0041] The DoEngine is a single-chip scanning pnnting engine which comprises a processor core compatible with 
an R4000 Processor manufactured by MIPS Technologies, Inc., a processor peripheral controller, a memory controller, 
a scannec/printer controller, a PCI interface and so on. The DoEngine employs a fast parallel operation and building 
35 block techniques. 

[0042] A cache memory having a total capacity of 32 Kbytes at maximum: 16 Kbytes for instructions and data 
respectively: an FPU (floating point arithmetic unit), an MMU (memory management unit), a coprocessor definable by 
user and so on can be built in a processor shell (a collective name of processor peripheral circuits including the 
processor core). 

^ [0043] Since the DoEngine has the PCI bus interface, it is compatible with a computer system which has a PCI bus 
slot. Furthermore, the DoEngine has a PCI host bus bridge configuration in addition to a PCI satellite configuration, 
whereby rt can issue a PCI bus configuration, and when it is combined with an inexpensive PCI peripheral device, it 
is usable as a main engine for a multi-function peripheral. Furthermore, the DoEngine can be combined with a 
rendering engine having a PCI bus interface and a compression/elongation engine. 

[0044] The DoEngine has two independent buses in its chip, namely an lO bus (B bus) which connects universal 
45 10 core and a graphics bus (G bus) which is optimized to transfer of image data. High-speed data transfer with high 
parallelism which is indispensable for simultaneous operations in a multi-function system is realized by connecting a 
memory and a processor to these buses by way of crossbar switches. 

[0045] The memory controller comprises, as a memory, a two way set associative memory front cache having 8 
Kbytes to support a synchronous DRAM (SDRAM) which has a maximum cost performance for access to successive 
data rows represented by image data and minimize performance degradation in random access in a small unit which 
cannot enjoy a merit of burst access high-speed data transfer from the SDRAM. The memory front cache is of a type 
which hardly allows bus snoop of all memory writes and high performance is obtainable with a cache memory without a 
complicated mechanism even in a system configuration which adopts a crossbar switch. Furthermore, the DoEngine. is 
configured to have a data interface (video interface) between a printer and a scanner which permits real time data 
transfer (appliance control), and perform high-qualily and high-speed copying operation by synchronous support of 
55 appliances and image processing with hardware even in a discrete scanner-printer configuration. 
[0046] In the DoEngine, the core operates at 3.3 V and the ID is 5 V tolerant type. 

[0047] FIGS. 1, 2 and 3A through 3C show example of configurations of apparatuses or systems which use 
DoEngines. FIG. 1 shows a discrete type system^ composed of a personal computer 102 in which a local board * 
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101 comprising a DoEnglne 'bs mounted by way of a PCI interface thereof. In addition to the DoEnglne, a memory which 
is connected to the DoEngjne by way of a memory bus described later and a color processing circuit (chip) are 
disposed on the local board tOI, Byway of the Ibcaliboard 101, a high-speed scanner 103 and a color/monochromatic 
printer 104 are connected to the personal computer 102. Under the control of the personal computer, this 
configuration makes it possibfte to process image data input from the scanner 103 with the local board 101 and output 
the data from the printer 1 04.. 

|0048] Each of FIGS. 2, 3A and SB shows an example wherein a scanner 203 and a printer 202 are integrally built 

in: FIG. 2 showing a configuration similar to ttet of an ordinary copying machine, FIG. 3A showing a configuration 

of a facsimile or the like. FIG. 38 shows a compiler which controls the facsimile shown in FIG. 3A. 

[0049] Out of these drawings, FIGS. 1 and 2 show examples of slave mode wherein the DoEngines are controlled 

by an external CPU conned:ed toy way of a PCI cnterface, whereas FIGS. 3A and 3B show an example of master mode 

wherein a CPU of the DoEngine functions as a master unit which controls a device connected by way of a PCI 

interface. 

.[0050] Table 1 lists specifications for the DoEngine. The DoEnglne is equipped as external interfaces a PCI, a 
memory bus, a video, general purpose in put/output, IEEE 1284, RS232C, 100 base T/10 base T, an LCD panel and 
keys, and may further have a USB. In addition to the CPU core, the DoEngine is equipped as built-in blocks a primary 
cache, a memory controller witii cache, a copy engine, an lO bus arbiter (B bus arbiter) a graphics bus arbiter (G 
bus arbiter) and so on. Fuctthermore, a DMA controller has five channels, and arbitration is performed by arrival 
order processing with priority for both a graphics bus.(G bus) and an 10 bus (6 bus). 



[Table 1] 



Item 






Chip . 


Opeffating frequency 


Internal 100 MHz, internal bus and memory Bus 






100 MHz 




Package External internee 


313 pin BGA 






PCI 






Memory bus 






Video 






r^pfipml mirno^p inntit/niitmit 






IEEE1284 






RS232C 






^I^OD f 






LAN 100/10baseT 






LCD panel and keys 




Internal block 


CPU core 






Primary cache 






MMU 






ICU 






System bus bridge 






Memory controller with cache 






COPY engine 






PLL 






Power source control unit 






10 bus arbiter 






Graphics bus arbiter 


DMA controller 


Nunrrber of channels 


2 channels 




Maxiimum transfer speed (peak) 


100 Mbytes/sec@50 MHz 




Passage usable for transfer 


Internal output block <=> local memory 


Memory and bus 


Support -memoo- Data width 


SDRAM 


control 


Maxisnum memory capadty 


64 bits 1 Gbyte 




Maxnmum memoiy bus transfer speed 


682 Mbytes/Sec 


Graphics bus 


ArbrCration system Maximum bus 


Arrival order value processing with priority 




transfer speed 


800 Mbytes/Sec 




Bus width 


64 Bits, 100 MHz 


PCI bus 


PCI bus format 


Rev.2.1,32 Bits, 33M PCI 




Trarrsfer speed in master mode 


Read 96 Mbytes/Sec, 






Write 88 Mbytes/Sec, 


lO bus 


Transfer speed in slave imode 


Read 101 Mbytes/Sec, 




Arbitration system Maximum bus 


Write 101 Mbytes/Sec, 




tranter speed 


Arrival order value processing with priority 




Bus width 


200 Mbytes/Sec 






32 Bits. 50 MHz 
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2. Configuration and Operations of DoEnglne 

[0051] ThGs section provides a general description of the DoEngine as well as an explanation of a block diagram, 
an outline, delais, a core interface, a timing chart, etc. of each functional block. 

2.1. Chip configuration of DoEngine 

[0052] FIG. 4 shows a block diagram of a DoEngine. DoEngine 400 has been designed and developed as a main 
controller for a muiti function peripheral (MFP) or a multi function system (MFS) of the next generation. 
[0053] MIPS R4000 core manufactured by MIPS Technologies, Inc. is adopted as a CPU (processor core) 401. 
Mounted In the processor core 401 are a cache memory having 8 Kbytes each for instructions and data, an MMU, and 
so on. The processor core 401 is connected to a system bus bridge (SBB) 402 by way of a processor bus (SC bus) 
having 64 bits. The SBB 402 is a 4 x 4 crossbar switch having 64 bits, and connected to a memory controller 403 which 
15 controls an SDRAM with a cache memory and a ROM by way of an exclusive local bus (MC bus) in addition to the 
processor core 401, and to a G bus 404 which is a graphics- bus and a B bus 405 which is an lO bus: four buses in 
total. The system bus bridge 402 is designed so as to maintain parallel connections among these four modules 
simultaneously as far as possible. 

[0054] The G bus 404 is cooperatively controlled by a G bus arbiter (GBA) 406, and connected to a scanner 
controller 4302 and a printer controller 4303 for connection to a scanner and a printer. Furthermore, the B bus 405 
is cooperatively controlled by a B bus arbiter (BBA) 407, and connected not only to a scanner/printer controller but 
also to a poweg- management unit (PMU) 409, an interrupt controller (IC) 410, a serial interface controller (SIC) 411 
which uses a UART, a USB controller 412, a parallel interface controller (PIC) 413 which uses an IEEE1284, an LAN 
controller (LANC) 414 which uses Ethernet, an LCD panel, a key, a general purpose input/output controller (PC) 415 
and a PCI bus mterface (PCIC) 416. ■ 

2.2. Processor Shell 

[0055] Meant by a processor shell is a block which comprises not only a processor core but also an MMU (memory 
management unit), an instruction cache, a data cache, a writeback buffer and a multiplication unit. 

30 <Cache memory> 

[0056] As shown in FIG. 5, a cache memory controller manages three state caches: invalid, valid clean (cache is 
not updated) and valid dirty (cache is updated). A cache is controlled dependentty on this state. 



35 



40 



2.3. Interrupt Controller 



[0057] FIG. 6 shov^ a block diagram of an interrupt controller 410. 

[0058] The interrupt controller 410 is connected to the B bus 405 by way of a B bus interface 605 to collect 
interrupts from functional blocks in the DoEngine chip and from outside the chip, and relocates them into six levels 
of external inteffTupts and non-maskable interrupts (NMI) which are supported by the CPU core 401. The functional 
blocks in the chip are the power management unit 409, the serial interface controller 411. the USB controller 412, 
the parallel interface controller 413, the Ethernet controller 414, the general purpose 10 controller 415, the PCI 
interface contr<^er 416, a scanner controller 4302, a printer controller 4303 and so on. 
[0059] In relocating the interrupts, the Interrupts can be masked dependently on causes for interrupt with mask 
registers (Int Mask Logic 0-5) 602 which can be configured as software. Furthermore, an edge sense/level sense is 
selectable for external interrupt inputs for individual signal* lines with a selective edge detector circuit 601. 
45 Cause registers (Detect and set Cause Reg 0-5) 603 indicate interrupts which are asserted at each level and is 
capable of clearing the interrupts by performing write operations. 

[0060] An interrupt signal at each level is output as a-'lbgical sum from a logical sum circuit 604 so that an 
interrupt signal is output when at least one interrupt is made at each level. Leveling among a plurality of causes 
at each level is made In software. 

50 2.4. Memory Controller 

[0061] FIG. 7 is a block diagram of the memory controller.403. The memory controller 403 is connected to an MC 
bus which is a local bus exclusive for the memory controller by way of an MC bus interface 701, and supports a 
synchronous DRAM (SDRAM) having a capacity of 1 Gbvtes at maximum and a flash ROM or a ROM having a capacity 
of 32 Mbytes. The memory controller performs 64 (16 x 4) burst transfer in order to make use of a high speed for 
burst transfer wUidh is obtained as a characteristic of the SDRAM, Taking into consideration single transfer of data 
having successive addresses from a CPU or a B bus, the memory controller comprises SRAM (memory front cache) 
702 to avoid the single transfer directly to the SDRAM as far as possible, thereby enhancing a transfer efficiency. 
A data bus between the memory controller and the SDRAM has a width of 72 bits for a sum of signals ramData and 
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ramPar (8-bit signal ramPar is parity), and data bus between the memory controller and the flash ROM has a width of 
32 bits for signals fntromData and prgromData. 



10 
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20 
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• 2.4.2. Configuration and Operations 

[0062] Components of the memory controller are configured as described below: 
<MC bus interface (701 )> 

[0063] The MC bus is provided as a bus exclusively between the SBB 402 and the memory controller 403, and 
used as a basic bus in the SBB. 

[0064] In contrast to a special purpose P bus which connects the CPU 401 to the bus bridge 402 is specified 
exclusively for 4 bursts, the MC bus is specified for additional bursts up to 16 bursts x 4. For this reason, mTType [6:0] 
is newly defined as a signal representing a burst length. 

(Definition of MC bus signals) 

[0065] MC bus signals are defined as follows: 

■ mClk (output) ... MC bus clock 

• mAddr[31:0] (output) ... MC bus address 

[0066] This signal is a 32 bit address bus and: maintained from a time when mTs_L is asserted until mBRdy__L is 

asserted. 



mDataOut[63:0] (output) 



. MC bus data output 
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[0067] This signal is a 64 bit output data bus and is valid only when mDataOe_L is asserted. 
■ mDataOe_L (output) ... MC bus data output enable 

[0068] This^signal indicates thiat mDataOut(63:0] is valid. Furthermore, it indicates its transfer is write. 

• mDataln[63:0] (input) ... MC bus data input 

[0069] This signal is a 64 bit input data bus and sampled at rise of mClk for which mBRdy_L is asserted. 

• mTs_L (output) ... MC bus transaction start strobe 

[0070] This signal indicates a transfer start. It. is asserted during a first clock of transfer. mTs_L is kept asserted 
when the transfer terminates in a dock and a next transfer starts immediately. 

• mTType[6:0] (output) ... MC bus transaction type 

[0071] This signal indicates a transfer type in the MC bus. It is maintained during transfer in single transfer 
or a first beat in burst transfer. Three upper' bits represent a source (master) and lower bits designate a 
single/burst length. Types are listed below: 



mTType[6:4] 


Signal source 


001 


CPU 


010 


B bus 


100 


Gbus 


mTType[3:0] 


Single/burst length 


Ixxx 


Single (1-8 byte) 


0001 


2 bursts 


0010 


4 bursts 
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mTTypeI3:0] 


Single/burst length 


OOti 


6 bursts 


0100 


8 bursts 


oion 


16 bursts 


OHO 


2x 16 bursts 


OHIi 


3x 16 bursts 


OGOO 


4x16 bursts 



mBE.L[7:0] (output) ... MC bus transaction byte enable 



[00723 This signal indicates an effective byte lane in 64 bit data bus in the single transfer. In the burst 
transfer, this signal is valid for a write time only and ignored for a read time. 

■ mBRdy^L (input) ... MC bus ready 



[00731 This signal indicates that a current transfer (beat) terminates. 
• mTPW_L (output) ... Next transaction is iin page write (write in page). 



[007^ This signal indicates that a next transfer is write on the same page (the same row address) and that 
write can be continued up to four at maximum. A page size is preliminarily set in a configuration register. 

• mBPWA_L (input) In-page bus write allowed 

[00751 This signal indicates whether or not an MC bus slave (memory controller) allows in-page write transaction 
and IS sampled by a clock which is the sanrae as that for mBRdy^L mTPW_L is insignificant when mBPWA_L is 
diasserted. 

nriBRty_L (input) ...Bus retry 



[00761 This signal asserts when the MC bus slave (memory controller) terminates access while it is not executed 
and indicates that it must be retried after idliin^ for at least a cycle. (If mBRdy_L and mBRty_L are asserted at the 
same time. mBRty_L is preferential.) 

mBerr_L (input) ...Bus error 

[0077] This signal is asserted when a parity error or another bus error occurs. 

[0078] The definitions of the inputs and ou^uts mentioned above are made as seen from the SBB. 

(MC bus transaction) 

[0079] Transactions in the MC bus support transactions mentioned below: 

(1) Basic transaction (1. 2, 3, 4. 8 byte Read/Write) 

Supports 1. 2, 3, 4, 8 byte single transactions according to the mBE_L[7:0] signal. 

(2) Burst transaction 

Supports transactions up to 4-double word burst (from tiie CPU). 

(3) Supports transactions up to 16-double word burst x 4 from the G bus. 

(4) Jn-page vtmte transaction 

Supports successive write accesses for write in the same page indicated by mTPW_L. 
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(5) Bus retry 

Asserts the mBRty_L signal and informs bus retry when memory access is impossible due to a limit in the memory 
controller. 



<SDRAM controller (705)> 

[0080] The SDRAM which has a configuration described below is controlled by the memory controller 403 as 
described below: 

(Configuration of DRAM) 

[0081] A DRAM is configured to be capable of performing 8 bank control of a x4, x8, x16 bit type 16/64 megabit 
SDRAM with 64 bit data bus. 



[Table 2] 



15 



20 



25 



Number of devices 
in bank 


Device 
configuration 


Row bits (including bank selection 
bits)_ Column bits 


Bank size 


Maximum memory (8 
banks) 


16(64 Mbit Type) 


16Mx4 


14x 10 


128 

Mbytes 


1 Gbyte 


8(64 Mbit Type) 


8Mx8.9 


14x9 


64 

Mbytes 


512 Mbytes 


4(64 Mbit Type) 


4Mx16,18 


14x8 


32 

Mbytes 


256 Mbytes 


16(16 Mbit Type) 


4Mx4 


12x 10' 


32 

Mbytes 


256 Mbytes 


8(16 Mbit Type) 


2Mx8,9 


12x9 


16 

Mbytes 


128 Mbytes 


4(16 Mbit Type) 


Mx16;i8 


12x8 


Mbytes 


64 Mbytes 



30 



35 



40 



• (Configuration of DRAM address bits) 

. [0082]. As for. allocation of address bits in the DRAM, MA[13:0] is used in case of a 64 bit SDRAM or MA[1 1:0] is 
used in case of a 16 bit SDRAM. 

Table 3] 



64 Mbit SDRAM 


31 


30 


29 ... 27 


26 25 


24... 11 


10.. .3 


2... 0 


0 


0 


OS 


C9 C8 


R13...R0 


C7-C0 


BS 


16 Mbit SDRAM 


31 


28 


27.. .25 


24 23 


22... 11 


10... 3 


2... 0 


0 


0 


CS 


09 08 


R11 ... RO 


C7-00 


BS 
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0 

CS 

C9-C0 



R13-R0 



BS 



Zero 

Chip Select 
Column Address 

C8 is ignored in case of x 8 bit SDRAM. 

09 and CS'are ignored in case of x 16 bit SDRAM. 

Row Address 

R1 1 of 16M SDRAM is used to select banks in the SDRAM. 

R12 and R13 are used to select banks In 64M SDRAM which consists of four banks, 

whereas R13 is used to select banks in 64M SDRAM which consists of two banks. 

ByteSelect 



(SDRAM having programmable configuration (mode register)) 

[0083] The SDRAM comprises a mode register and sets items mentioned below with mode register setting 
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conuRiands. 

(1) Burst length 

[0084] The SDRAM is capable of setting any one of burst lengths of 1, 2, 4, 8 and full page, out of which a 
burst length of 4 is optimum since a bunst transfer length from the CPU is 4. 16 or more bursts can be transferred 
from the G bus by successively issuing read/write commands (without auto precharge). 

(2) Wrap type 

[0085] The SDRAM sets an address oncrement order for burst transfer. It can set "sequential" or "interleave/' 

(3) CAS latency 

[0086] CAS latency can be set at 1. 2 or 3 which is determined dependency on a grade and of an SDRAM and an 
operation clock to be used. 

(SDRAM commands) 

[0087] Commands listed below are soupported for the SDRAM. For details of the commands, refer to a SDRAM data 
bootc. 

' Mode register setting command 

■ Active command 

• Precharge command 

■ Write command 

■ Read command 

• CBR (Auto) refresh command 

■ Self refresh start command 
- Burst stop command 

• NOP command 

(SDRAM refresh) 

[0088] Since the SDRAM operates at 2048 cycles/32 ms (4096/64 ms). it issues a CBR refresh command at 
inten/als of 16, 625 ns. The memory controller has a settable refresh counter and automatically Issues a CBR refresh 
command. The memory controller does root receive a refresh request during transfer of 16-burst x n from the G bus. 
Therefore, the refresh counter must set a value with a margin of a time for the transfer of 16-burst x 4. Furthermore, 
the nnemory controller supports self refresh. When this command is issued, self refresh is continued in a power down 
mode (ramclke_L = Low). 

(inrbadization of SDRAM) 

[0089] After power on reset, the momory controller initializes the SDRAM as described below. With a pause time 
of 100 |js after a power switch is turned oua, the memory controller 

(1 ) precharges all the banks using precharge commands. 

(2) sets a mode register for the SDRA5^. 

(3) performs refresh-eight times using auto refresh commands. 

<Flash ROM controller (704)> 

[009O] The flash ROM controller 704 supports an address signal romAddr[23:2] and four chip select signals 
* (romCs_i43:0]). Address signals romAddE2-romAddr9 are multiplexed vwth parity signals ramPara::ramPar7 and address 
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signals romAddr10-romAchflr23 are multiplexed with DRAM addresses ramAddrO-ramAddr13. 



<SRAM control (memory fhont cache)> 

[0091] The SDRAM w^lch is used as a main memory provides a remarkably high speed for the burst transfer but 
^ cannot exhibit a high speed for the single transfer. Therefore, a memory front cache is mounted in the memory 
controller to accelerate the single transfer. The memory front cache is composed of a cache controller 706 and an 
SRAM 702. Since transfer im asters and transfer lengths of the memory front cache can be known from the mTType[6:0] 
signal defined by the MC Ibus, the cache can be set on/off for each master or each transfer length. The cache is of 
types which are listed b^w. A designation of a cache denotes not a cache built in the processor core, but the 
memory front cache which as built in the memory controller unless otherwise specified. 

* 2 way set associative 

• 8-Kbyte data RAM 
^5 - 128x21 X 2 tag RAM 

LRU (least recently used) algorithm 
Write through 
2D * No write allocate 



[0092] FIG. 8 shows a detailed block diagram of the cache controller 706 and surroundings. 
(Operations of cache) 

[0093] With reference to the block diagram shown in FIG. 8 and flowcharts shown in FIGS. 9 and 10, description 
vflll be made of operations of the cache which are performed when a memory read/Write transfer is requested from the 

MC bus. 

[0094] When data transfer is started from the MC bus, the Do Engine judges whether the transfer is to be executed 
2P with the cache on or off by the mTType[6:0] which is indicated on the MC bus at an initial stage of the transfer. Let 
us assume in this embodiment that the DoEngine judges cache on for the single transfer and cache off for the burst 
transfer (step S901). That iis, transfer is executed with the cache on when mTType(3) is "1" h indicating the single 
transfer or with the cache off when mTType(3) is "0" h indicating the burst transfer. 

[0095] When an address lmaddr[31:0] is given in case of the single transfer (cache on), lmaddr[.11:5] is given as 
an index to b1_tag_ram 801, b2_tag_ram 802, b1_data_ram 702-a, b2_data_ram 702-b, and Iru 803, and a valid bit "v" 
35 and bl_tag_addr which correspond to the input indices as well as a valid bit "v," b2Jag_addr, b1_out_data, 
b2_out_data and Iru in are output from each block (step S902). 

[0096] b1_tag_addr and b2_itagLaddr output from the b1_tag_ram_801 and the b2_tag_ram 802 are compared 
with an address Ii7iaddr[3t:12] by a b1_comparator 8Q4 and a b2_comparator 805, whereby hit or miss is informed to 
the cache controller 706 for judgement by b1_hit_miss;;X or b2_hit_miss_L signal (step 8903). 

^ [0097] In case of hit, the cache controller 706 judges read or write (step S904). Hit means that the b1_tag_addr 
or b2_tag_addi' is coincident with Imaddr [31:12]. In case of hit and read, the cache controller 706 operates as 
follows. When b1 is hit and requested transfer is' read, the cache controller 706 selects b1_out_data out of 
b1_out_data and b2_out_cla[ta which have been read out, and outputs 8-byte data indicated by lmaddr[4:3] to the MC 
bus (step 8905). Simultaneously, the cache controller 706 rewrites Iru corresponding to the index into "0" (=b1 hit) 
to terminate the transfer. When b2 is hit and requested transfer is read, the cache controller 706 selects 

^ b2_out_data out of b1_out__data and b2_out_data which have been read out, and outputs 8-byte data indicated by 
. Imaddr[4:3] to the MC bus (step S905). Simultaneously, the cache controller 706 rewrites Iru. corresponding to the 
index into "1" h (=b2 hit) to terminate the transfer. 

[0098] In case of hit and write, on the other hah^, the cache controller 706 operates as follows. When bl is hit 
and requested transfer is write, the cache controller.- 706 rewrites only a. valid byte lane indicated by mBE_L[7:0] 
out of 8-byte data indicated by lmaddr[4:3] of b1_data^ram 702-a indicated by the index and simultaneously rewrites 
SO inj corresponding to the index into "0" h (= bl hit). Furthermore, the cache controller 706 similarly rewrites SDRAM 
to terminate the ti-ansfer (step S906). When b2 is hit and the requested transfer is write, the cache controller 706 
rewrites only a yalid byte lane indicated by mBE_L[7:0] .out of the 8-byte data indicated by lmaddr[4:3] of 
b2_data_ram 702-b indicated by the index and simultaneously rewrites Iru corresponding to the index into "1" h (= b2 
hit). Furthermore, the cache controller 706 similarly rewrites SDRAM to terminate the transfer (step S906). 
[0099] . When^both bt/and b2 are missed, on the other hand, the cache controller 706 judges read or write (step 
SI 001). When the requesdted transfer is read, 8-byte data indicated by Its lmaddr[31:3] is read out of the SDRAM 
(step 31003) and. output to the MC bus (step SI 004). Simultaneously, Iru corresponding to the index is read out and 
. when Iru is "0" h,.,the data from the SDRAM is written into b2_data_ram and Iru is also rewritten into "1" h. When 
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Iru is "V h, the data from the SDRAM is written into b1_data_ram and Iru is rewritten into "0" h to terminate the. 
transfer (step S1005). When both b1 and b2 are missed and the requested transfer is write, the cache controller 706 
only writes the data into the SDRAIVI to terminate the transfer (step S1 002). 

[0100] In case of burst transfer (cache off) at step S901, the cache controller 706 reads and writes data from 
^ and into the SDRAM only (steps S907 through 3909) without rewriting cache data or tag. 

<ROM/RAM Interface (707)> 

[0101] FIG. 11 shows a configuration of a ROM/RAM controller 707. Blocks 1101 through 1104 multiplex a data 
signal, an address signal and a parity signal of the SDRAM into a data signal and an address signal of a flash ROM. 

10 

2.4.3. Timing Diagram 

[0102] With reference to FIGS. 12 through 19, description will be made of timings of the processings such as 
data read and write by the memory controller 403 which have been explained above. 

[0103] FIG. 12 shows a timing of burst read from the CPU. A burst length is 4 and a CAS latency is 3. FIG. 12 
15 corresponds to the processing at the step S909 in FIG. 9. 

[0104] FIG. 13 shows a timing of burst write from the CPU. A burst length is 4 and a CAS latency is 3. FIG. 13 
corresponds to the processing at the step S908 in FIG. 9. 

[0105] FIG. 14 shows a timing of burst read from the G bus device. A burst length of the G bus is 16, a burst 
length of the SDRAM Is 4 and a CAS latency is 3. FIG. 14 corresponds to the processing at the step S909 in FIG. 9. 
20 [0106] FIG. 15 shows a timing of burst write from the G bus device. A burst length of the G bus is 16, a burst 
length of the SDRAM Is 4 and a CAS latency is 3. 

[0107] FIG. 15 corresponds to the processing at the step 3908 in FIG. 9. 

[0108] FIG. 16 a timing of single read when the memory front cache is hit. Output as read data mDataln[63:0] is 
b1/b2_out_data read out of b1__data_ram 702-a or b2_data_ram 702-b which is a cache memory. A burst length of the 
SDRAM is 4 and a CAS latency is 3. FIG. 16 corresponds to the processing at the step S905 in FIG. 9. 
2^ [0109] FIG. 17 shows a timing of single read when the memory front cache is not hit. Output as read data 
mDataln[63:0] is ramData[63:0] which is read from the SDRAM. This data is also written as bi/b2Jn_data into 
b1_data_ram 702-a or b2_data_ram 702-b which is a cache memory. A burst length of the SDRAM is 4 and a CAS 
latency is 3. FIG. 17 corresponds to the processing at step SI 004 or SI 005 In FIG. 10. 

[0110] FIG. 18 shows a timing of single write when the front memory cache is hit. Write data mDataOut [63:0] is 
30 written into b1_data_ram 702-a or b2_data_ram 702-b which is the cache memory and the SDRAM. A burst length of 
the SDRAM Is 4 and a CAS latency Is 3. FIG. 18 corresponds to the processing at step S906 In FIG. 9. 
[0111] FIG. 19 shows a timing, of single write when the memory front cache Is not hit. The write data mDataOut 
[63:0] Is written not into b1_data_ram 702-a or b2_data_ram 702-b, but only into the SDRAM. A burst length of the 
SDRAM is 4 and a CAS latency is 3. FIG. 19 corresponds to the processing at step SI 002 in FIG. 10. 
[0112] Though the memory controller 403 is configured to judge, upon start of the data transfer from the MC bus, 
the single transfer as cache on or burst transfer as cache off using mTType[6:0] indicated on the MC bus at an 
Initial stage of the data transfer in this embodiment, the memory controller 403 may be configured to further judge 
a burst length in case of the burst transfer and when the burst length is shorter than a line of the cache, operate with 
the cache kept on or othenwise operate with the cache kept off. 

[0113] When signals indicating the identifiers of bus masters which request data transfer to memories are 
40 included in the MC bus, the memory controller can judge the identifiers and performs the cache on/cache off control 
in correspondence to the indetifiers. In this case, it is possible to switch cache on/cache off referring to a 
rewritable table which is prepared to correspond the identifiers to cache on/cache off. When a specific address is 
allocated to this table, for example, It is rewritable from the CPU 401 or the like. 

2.5. System Bus Bridge (SBB), B Bus and G Bus 

45 

[0114] FIG. 20 shows a block diagram of the system bus bridge (SBB) 402. The SBB 402 Is a multi-channel two- 
way bus bridge which provides connections among. the B bus (input/output bus), the G bus (graphics bus), the SC bus 
(processor local bus) and the MC bus with crossbar switches. The SBB 402 is capable of establishing two systems at 
the same time by using crossbar switch, thereby enabling to performs high-speed data transfer with high paralleleiism. 
[0115] The SBB 402 is equipped with a B bus interface 2906 for connection to the B bus 405, a G bus interface 
^ 2006 for connection to the G bus 404, a CPU Interface slave port 2002 for connection to the processor core 401 and a 
memory interface master port for connection to the memory controller 403, and comprises an address switch 2003 
for connecting an address bus and a data switch 2004 for connecting a data bus. Furthermore, the SBB 402 is equipped 
with a cache invalidation unit 2005 which invalidates the cache memory of the processor core. 

[0116] Mounted in the B bus Interface 2009 are a write buffer which accelerates DMA write from the B bus device 
55 and read prefetch queues which enhance a read efficiency of the B bus device. Coherency management of data which 
exists temporarily in these queues is performed by hardware. In addition, a device which is connected to the B bus 
is refen-ed to as a device. 

[0117] The processor core supports dynamic bus sizing of a 32-bit bus, but the SBB 402 does not support it This 
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is for the purpose of minimizing a modification of the SBB required in the future to use a processor which does not 
support the bus sizing. 

2.5.1 . Configurations and OperatBons of SBB and Buses <B bus interface> 
[01 181 FIG. 21 shovws a blodk diagram of the B bus interface. 

[0119] The B bus interface 2009 Is a two-way bridge circuit between the B bus and the MC bus. The B bus is an 
internal general purpose bus of tfine DoEngine. 

[0120] The B bus interface 2009 comprises five blocks of a master control block 201 1, a slave control block 2010, 
a data interface 2012, a DMAC 2013 and a B bus buffer. In FIG. 21, the DMAC 2013 is functionally divided into 
three sequencers and a register block. Out of these three sequencers, a DMA memory access sequencer is built in the 
B bus slave control bloc8< 2010 and a DMA reg sequencer is built in the B bus master control block 2011. A DMA 
register, which is a register block, is built in the B bus data interface 2012. 

[0121] Furthermore, the B bus interface 2009 controls to invalidate two data and instruction caches in the CPU 
shell by way of a cache invalidation interface when data is written into a memory from the B bus or when data is 
transferred by the DMA from the device to the memory. 

[0122] A writeback buffer at a CPU write time is not mounted in the B bus interface, but a write buffer at 
external master write on the B bus is mounted. Accordingly, the B bus interface accelerates writes from successive 
externa! masters which are not burst transfer. Flash of this write buffer is performed when the memory is allowed to 
be connected by the B bus arbiter 407. Write buffer bypass of the B bus master read is not made. 
[0123] Furthermore, a read prefetch queue of the external master is executed. It is executed to accelerate 
successive read of data streams from the external master. The read buffer is invalidated when: 

1 . New read of the B bus does not hit data in the buffer. 

2. Data is written from the CPU into the memory. 
25 3. Data is written from the G bus into the memory. 

4. Data is written from the B bus into the memory. 

[0124] Furthermore, each device on the B bus 405 and a DMA controller 2013 between the memories are built in 
the B bus interface 2009. When the DMA controller is built in the system bus bridge 402, access requests can be 
issued simultaneously to both the bridges, thereby performing efficient DMA transfer. 

[0125] . The B bus interface 2009 does not request use of the dynamic bus sizing in correspondence to an access 
request from the. processor 401, Tht> B bus interface 2009 neither responds to bus sizing from the memory controller 
403 v\^en the B bus master requests a memory access. That is, the memory controller is not to expect the bus sizing. 

<B bus> 

[0126] The B bus is a general purpose 10 bus in the DoEngine and specified for: 

• Address-data discrete type 32'i»t bus 

40 

• Capability to insert an optioned weight cycle, no weight shortest 

• Support of burst transaction 

• Maximum transfer speed of 200 Mbytes/sec at clock of 50 MHz 

45 

• Support of bus error and bus retiy 

■ Su pport of a plurality of bus masters. 



[Definitions of B bus signals) 

[0127] Definitions of bus signals are described below in an order of "signal name, input source -> output 
destination (. 3States) ... description of signal." An items of 3State is provided only for a signal which has three states. 

bAddr[31:2] (lOBus Address Bus): Master-^ Slave, 3State ... An address bus for lOBus. 

bData[31:0] (iOBus Data Bus): DataDriver -> DataReceiver, 3state ... A data bus for lOBus. 



10 



15 



30 



35 
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b(Datadrivername)DataOeReq (lOBus Datau Output Enable Request): Datadriver -> DefaultDriverLbgic . 



[0128] An output signal sent to a default: driver control logic to realize a two-way lO bus described later. This 
is a request signal for a device having a D^drivemame to drive data on a bus. A default driver control logic 
outputs b{Datadrivername) DataOe_L to a device which is granted to output data. Example of Datadriver: Pci.Sbb.Jpeg, 
Spu. 

b(Datadrivername)DataOe__L (lOBus Data Output Enable): dfaultDriverLogic Datadriver ... 
[0129] When the default driver logic allows a device which outputs b(Datadrivername)DataOeReq to drive data on 
a data bus. the b(Datadrivername)DataOe_L sigpial is returned to the device. 

bError_L (lOBus Bus Error): Salve -> Mastex 3State ... Indicates an end of 10 bus transaction due to an error. 

b(Mastername)BGnt_L (lOBus Grant): Arbiter -> Master ... 
[0130] Indicates that bus arbitration grants a nght of bus use to the master. Example of Mastername: 
Pci,Sbb,Jpeg,Spu. 

binstNotData (lOBus Instruction/Data Outputt Indicator): Master ^ Slave, SState ... 
[0131] Driven to High when the B bus ma^er performs instruction fetch to the B bus slave. Driven to Low in case 
of data transaction. 

b(Mastername)CntlOeReq (lOBus Master Oontrol Output Enable Request): Master DefaultDriverLogic ... 
[0132] Asserted to lOBus Output Controt* iLogic when the B bus master wants to drive bStart_L,bTx_L,bWr_L, 
vInstNotData and bAddr[31:2] on a three-state bus. The lOBus Output Control Logic returns a b(Mastername)CntlOe_L 
signal to a master which grants drive on the basis of bMCntlOeReq. 
2Q b(Mastername)ContlOe_L (lOBus Master Dontrol Output Enable):DefaultDriverLogic Master ... 

[0133] When the defauK driver logic gramts drive to a master which outputs b (Mastername)CntlOeReq, the 
b(Mastername)CntlOe L signal is returned to the master. 

bRdy_L (lOBus Ready): Slave Master. SState ... 
[0134] The B bus slave asserts this sigmal to indicate that current B bus data transaction terminates with a 
current dock cycle. The B bus master knows by this signal that the current transaction terminates with this clock cycle. 
2^ b(Mastername)BReq_L (lOBus Bus Request): Master Arbiter ... 

[0135] Indicates that the B bus m^ter requjests a right of bus use to the B bus arbiter. 

bRetry^L (lOBus Bus Retry): Slave Master ,3State ... 
[0136] A B bus slave requests re-executiorr of bus transaction to the master. 
^ b (Slavename) RdyOeReq (lOBus Slave Ready Output Enable Request): Slave -> DefaultDriverLogic ... 
30 [0137] The B bus slave asserts this signal to ;IOBus Output Control Logic when it desires to drive 

bRdy_L.bWBurstReq_L,bBurstAck_L oih a 3-state^us. The lOBus DefaultDriverLogic returns a b(Slavename)RdyOe L 
signal to a slave to which drive is granted on theibasis of b(Slavename)RdyOeReq from each master. 

b(Slavename)RdyOe_L (lOBus SIdve Reac^ Output Enable): DefaultDriverLogic -> Slave ... 
[0138] When the default driver logic granis drive to a master vyhich outputs b(Slavename)RdyOeReq, the 
b(Slavename)RdyOe_L signal is returned to the imaster. 
^ bSnoopWait (lOBus Snoop Wait): SBB NtextMaster ... 

[0139] Indicates that the B bus interface is (executing cache snooping for another device connected to the B bus. 
The device connected to the B bus car^not issue a new transaction while this signal is asserted. 

bStart_L (lOBus Transaction START): Mastzer Slave 3State ... 
[0140] Signal to indicate that the B. bus nftaster starts a B bus transaction. The B bus slave can know the start 
40 of the B bus transaction by monitoring ttiis sign^. 

bTx_L (lOBus Transaction Indicator Input): faster -> Slave SState ... 
[0141] The B bus master asserts this signal to the B bus slave to indicate the B bus transaction is currently 
being executed. 

bWBurstGnt_L (lOBus Burst Write Grant): IMaster Slave. SState ... 
[0142] This signal is driven to incfic^te that ttie B bus master executes burst write in response to a B bus burst 
write request 

bWBurstReq_L (lOBus Burst Write Reque^j: Slave ^ Master. 3State ... 
[0143] This signal is asserted when the B biusistave requests burst write to the B bus master. 

bWr_L (lOBus Write Transaction Indicator): (Master-^ Slave, 3 State ... 
[0144] This signal is asserted to allow the B bus master to inform to the B bus slave that a current transaction 
50 is yvrite. 

bByteEn[3:0] (lOBus Byte Enables): DataDctver DataReceiver, SState ... 
[01,45] An agent which drives data on tfoe B bus drives this signal to High to indicate that- .a byte lane on 
bbata[31:0] corresponding to each bit is valid. Unes on this signal correspond to bData byte lanes as listed in Table 4. 



[Table 4] 


Byte En^le 


Corresponding bData [31:0] 


bByteEn3 


[31:24] 


bByteEn2 ■ 


[23:16] 
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Byte Enable 


Corresponding bData [31:0] 


bByteEnI 


[15:8] 


bByteEnO 


[7:0] 



bBurst__L (lOBus Extended Burst Request): Master Slave, 3State ... 
[0146] indicates that the B bus master desires to execute extended burst. Assert and negate timings are the same 
as those of bTx_L. 

bBurstAck_L (lOBus Extended Burst Acknowledge): Slave -> Master, SState ... 
[0147] Indicates that the B bus slave can execute extended burst Assert and negate timings are the same as 
those of bRdy_L. 

bBurstShortNotLong_L (lOBus Burs* Length): Master ^ Slave, SState.. 
[0148] Indicates a burst length of an extended burst to be executed by the B bus master. Assert and negate 
timings are the same as those of bTx_L, and signal values correspond to burst length as listed in Table 5. 



: [ Table 5 ] 



' beurstShortNotLong_L 


Burst Length 


1 H 

t . ... ■ , 


4 beats 


:l •, 


8 beats 



[0149] The 8 bus signals au-e defined as described above. Since the B buses (and G buses) which are the internal 
buses of the DoEngine are to be corinected to more than ten functional blocks, it is difficult to connect all the 
blocks through an InOut separ^e bus. The OoEngiae adopts a.two-way bus in the chip. 

<G bus interface> ,r- 

[0150] FIG. 22 show/s a block diagram of the G bus interface 2006. it is outlined below. 
(Outline of G bus) 

[0151] The G bus is a bus which is defined, to execute high-speed data transfer among image data processing 
sections in the single chip controHer DoEngine for MFPs. The G bus has a 64-bit data bus and supports an address 
space of 4 Gbytes (128-byte boundary). The G bus is configured basically for transfer using 16 beats (128 bytes = 64 
bits X 16) as a long burst and is capable of transferring data successively up to 4 long bursts (512 bytes = 16 beats x 4) 
. (The G bus does not support diata transfer not longer than 16 beats such as single beat.) 

(Definitions of G bus signals) 

[0152] First, symbols used for defining signals will be defined. Signal directions are described immediately 
after signal names as occasion demancJs. The signal directions are defined as follows: 

In (Input signal) ... An input signal into a bus agent Out ^Output signal) ... An output signal from the bus agent 
InOut (Bi-Directional Tri-State signal) ... A two-way signal driven by a plurality of bus agents. This signal is 
driven by only an agent at a time. A default driver manages collectively enable request signals from the agents 
which drive the InOut signal and detefmines one . of the agents which is to drive the InOut signal. When no agent 
issues the enable request or when a plurality of agents issue enable requests at the same time, a default driver 
signal is driven. When the agent is to drive the signal to low, it must drive the signal to high for a preceding 
clock and a following clock. Tlhe signal can be asserted only after lapse of a clock from a drive start. The signal 
is basically released at a clock next to negation. 

[0153] A symbol "_L" following a signal name indicates that the signal is low active. The G bus signals are 
described in a manner nearly the same as that for the B bus signals. For description, the G bus, signals are 
classified into system . signals, address- and data signals, interface control signals and arbitration, signals. In 
addition, a bus agent is a collective name of a bus master and a bus slave which are connected to the bus. 

(System signals) 

gClk (G-Bus Clock) ... 

[0154] provides timings for all transactions on the G bus and is used as an input for all devices. 
gRst_L (G-Bus Reset) ... 

[0155] Resets all devices on the G bus. Clears all internal registers and negates all output signals. 
(Address and data signals) 
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gAddr(31 7], InOut, (G-8us Address): Master Slave ... 
[0156] Supports an address space of 4 Gbytes with 25 bits of gAddr[31] through gAddr[7] since all data transfer 
on the G bus is executed in a unit of 128 bytes (16 beats). 

drive: The master drives simuftaneously with gTs_L. 

assert: A clock next to drive. 

negate: A clock which confirms assert of gAack_L 

g(Mastername)AddrOeReq (G-Bus Address OutPut Enable Request): Master -> DefaultDriverLogIc ... 

[0157] An output signal sent to a default driver llogic to establish a two-way G bus. A request signal for the 
bus master to drive an address bus. 

g(Mastername)AddrOe_L (G-Bus Address OutPut Enable): DefaultDriveLogic -> Master 

[0158] A signal to indicate that the default driver k)gic grants address bus drive to a bus master which outputs 
g(Mastername)AddrOeReq. 

gData[63:0], InOut, (G-Bus Data): DataDriver -> DataReceiver ... 
[0159] A 64-bit data bus for drive by the master at a write time or drive by the slave at a read.time. 

[Write] 

[0160] 

drive: The master drives simultaneously with gTs_L. When gSlvBsy L is asserted, however, the master waits until 
gSlvBsy__L is negated, before drive. ^ - ■ 

assert: A clock next to the drive. 

change: A clock which confirms assertion of gAack_L, thereafter every clock. .. . 

negate: A transfer end time or a clock which has confirmed assertion of gAack_L when transfer stop request by 
gTrStp_L is confirmed. 



[Read] • - 

[0161] 

drive: The slave drives simultaneously with gAack_L. 

assert: This signal is asserted by a clock next to drive when the salve is Ready or waits until the slave is 
Ready and then is asserted. 

change: A clock which confirms assertion of gAack_L, thereafter every clock. In case of read, every clock from a 
clock which has confirmed assertion of gAack_L 

negate: A transfer end time. 

release: A clock one clock after negate or a clock which has confirmed a transfer stop request by gTrStp_L 
g(DataDrivername)DataOeReq (G-Bus Data Out Put Enable Request): DataDriver -> DefagltDriverLogic ... 



[0162] Request signal for a data driver to drive a data bus. 

g(DataDrivername)DataOe_L (G-Bus Data OutPut Enablet): DefaultDriverUogic -> DataDriver ... 
[0163] A signal to indicate that a default driver logic grants data bus drive to a data driver which has output 
g(DataDrivername)DataOeReq. 

(Interface control signals) 

gTs_L (InOut G-Bus Transaction Sart): Master Slave ... 
[0164] This signal is asserted by the master for one dock to indicates a transfer start (address phase). The 
master drives gAddr,gRdNotWr,gBstCnt together with.flTs^L to clarify a kind-.of the transfer and a data amount. In 
case of a write, the master must assure that the clarified transfer data amount can be transmitted v\^h no weight. 
In case of a read, the master must assure that the clarified transfer data amount can be received with no weight 
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When transfer is dtsabled in the course, the slave may cancel transfer of next 16 beats by gBsStep_L.- However, the 
slave never cancels transfer In the course of the 16 beats. 

drive: Drive by a dock which has confirmed assertion of gGnt_L. 

assert: A clock next to drive. 

negate: Negated after assertion of a clock. 

g(Mastername)TsOeReq (G-Bus Transaction Start OutPut Enable Request): Master DefaultDriverLogic ... 



[0165] Request signal for the bus master to drive gTs_L. 

g(Mastername)TsOe_L (G-Bus Transaction Start OutPut Enable): DefaultDriverLogic -> Master ... 
[0166] A signal to indicate that the default driver clock grant drive of gTs_L to a bus master which has output 
g(Mastername)TsOeReq. 

gAack_L, InOut, (G-Bus Address Acknowledge): Slave Master ... 
[0167] This signal is driven to Low for a dock by a slave. A pertinent slave recognizes transfer, confirms that 
a bus Is empty and informs a master that data transfer can start. In case of a write, the slave must assure that it 
receives a transfer data amount requested by the master with no weight. In case of a read, the slave must assure 
that it transmits the requested transfer data amount with no weight. Should data transfer be disabled In the course, 
next 16>beat transfer can be cancelled by gBstStp_L. However, transfer cannot be cancelled in the course of the 16 
beats. 

drive: At an address decode bit, drive of this signal is started by a clock which has confirmed assertion of gTs 
L. When. gSlvBsy_L is asserted, however, the drive is postponed until gSlvBsy_L is negated. When the signal is not 
driven due to use of a data bus, its drive is started by a clock which has confirmed a transfer stop request by 
gTrStp_L. 

. assert:- This signal is asserted by a clock next to drive when the slave is Ready or othen^se assertion of this 
signal is' postponed until the slave is Ready. In reply to transfer stop by gTrStp_L, the signal is asserted by a 
clock next to drive. 

negate: This signal Is asserted by a dock which has confirmed gTrStp_L when gTrStp_L is asserted after drive. 
Furthermore, the signal is negated after assertion of a clock. 

g(Slavename)AackOeReq (G-Bus Address Acknowledge OutPut Enable Request): Slave DefaultDriverLogic ... 



[0168] A request signal for a slave to drive gAack_L. 

g(Slavename)AackOe_L (G-Bus Address Acknowledge OutPut Enablet): DefaultDriverLogic Slave ... 
[0169] A signal to indicate that a default driver logic grants drive of .gAack_L to a slave which has output g 

(Slavename)AackOeReq. 

gSlvBsy_L, InOut, (G-Bus Slave Busy): Slave -> Master ... 
[0170] A signal to indicate that a slave is driving to transfer data through a data bus. 

drive: Drive of this signal is started by a dock which confirms assertion of gTs_L when an address decode is 
hit. When gSlv6sy_L is asserted, however, the drive is postponed until gSlvBsy.L is negated. 

assert: This signal is asserted by a clock next to drive when a slave is Ready or othen/vise assertion is 
postponed until the slave is Ready. 

negate: Negated at a transfer end time. 

release: A clock after negation or a clock which has confirmed a transfer stop request by gTrStp_L. 
g(Slavename)SlvBsyOeReq (G_Bus Slave Busy OutPut Enable Request): Slave DefaultDriverLogic ... 



[0171] A request signal for a slave to drive gSlvBsy L. 

g(Slavename)SlvBsyOe_L (G-Bus Slave Busy OutPut Enable): DefaultDriverLogic -» Slave ... 
[0172] A signal to indicate that the default driver logic grants drive of gSlvBsy L to a slave which has output 
g (Slavename)SlvBsyOeReq. . 

gRdNotWr, InOut, (G-Bus Read(High)/Write(Low)): Master -> Slave ... 
[0173] This signal is driven by a master to indicate READ by High or WRITE byLow. It is driven for the same 
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period as GA. 

drive: This signal is driven by a master simultaneously with gTs_L. 
assert: A clock next to drive. 

negate: A clock which has confirmed assertion of gAack_L. 

g(Mastemame)RdNotWrOeReq (G-Bus Read/Write OutPut Enable Request): Master DefaultDriverLogic ... 

[0174] A request signal for a bus master to drive gRdNotWr. 

g(Mastername)RdNotWrOe_L (G-Bus Read/Write OutPut Enablet): DefaultDriverLogic^ Master ... 
[0175] A signal to indicate that the default driver logic grants drive of gRdNotWr to a bus master which has 
output g(Mastername)RdNotWrOeReq. 

gBstCnt[1:0], InOut, (G-Bus Burst Counter): Master -> Slave ... 
[0176] This signal Is driven by a master to Indicate a number (1 to 4) of burst transfers to be executed 
successively. Values of the signal correspond to numbers of bytes as listed in Table 6. 

drive: Driven by the master simultaneously with gTs_L. 

assert A clock next to drive. 

negate: A clock which has confirmed assertion of gAack^L. 



[Table 6] 



25 



gBstCnt[1:0] 




Number of Transfer Bytes 


01 


16 beats x 1 


64 bits X 16x1 =128 bytes 


10 


16 beats x 2 


64 Bitsx 16x2 = 256 bytes 


11 


16 beats x 3 


64 bits X 16 X 3 = 384 bytes 


00 


16 beats y 4 


64 bitsx 16 X 4 = 512 bytes 



• g(Mastername)BstCntOeReq (G-Bus Burst Counter OutPut Enable Request): Master -> DefaultDriverLogic 
[0177] A request signal for a bus master to drive gBstCnt. 
35 g(Mastername)BstCntOe_L (G-Bus Burst Counter OutPut Enablet): DefaultDriverLogic -> Master ... 

..[0178] A signal to indicate that the default driver logic grants drive of gBstCnt to a bus master which has 
output g (Mastername)BstCntOeReq. 

gBstStp_.L, InOut, (G-Bus Burst Stop): Slave -> Master ... 
[0179] This signal is driven by a slave to indicate that next successive burst transfer cannot be received. The 
40 signal is asserted at 1 5th beat of 1 -burst (16-beat) transfer. It is not driven when it does not stop. 

drive: 14th beat. 

assert: 15th beat. 

45 negate: After assertion of 1 clock. 

g(Slavename)BstStpOeReq (G-Bus Burst Stop OutPut Enable Request): Slave DefaultDriverLogic ... 



10 



15 



[0180] A request signal for a slave to drive on gBstStp_L. 
^ g(Slavename)BstStpOe_L (G-Bus Burst Stop OutPut Enablet): DefaultDriverLogic Slave ... 

[0181] A signal to indicate that the default driver logic grants drive of gBstStp_L to a slave which has output 
g(Slavename)BstStpOeReq. 

(Arbitration signals) 

55 

[0182] g(Mastername)Req L, Out, (G-Bus Request): Master Arbiter ... 

[0183] This signal is driven by a master to request to an arbiter for a bus. It has gReq_L exclusively for each 
master device. 
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assert; Asserted by a master which requires data transfer, 
negate: Negated when gGnt_L is received. 
^ g(Mastername)Gnt_L. In, (G-Bus GNT): Arbiter Master ... 

[0184] This signal is driven by an arbiter to grant a next bus rights for bus requests. It has gGnt_L for each 
master device. The bus rights are granted in order from bus masters having higher priorities. The bus rights are 
granted to master having the same priority in order of bus requests. 

assert: Asserted to a master selected by an arbitration when gGnt_L is not granted to another master or when 
gGnt_L granted to another master is to be negated by a next clock. 



15 



30 



55 



negate: A clock which has confirmed assertion of gAack_L. 
gTrStp_L, In, (G-Bus Transaction Stop): Arbiter -> Master, Slave . 



[0185] This signal is driven by an arbiter to intercept a transaction whose address phase has been started by 
gGnt_L However, a transaction whose data phase has been started by gAack_L cannot be intercepted. This signal is 
2^ masl<ed by gAack_L, thereby being negated and output when gAack_L is asserted. 

assert: This signal is provided when a bus request is made from, a master which has a priority higher than that 
of a transaction whose address phase has been started. 

25 negate: A clock which has confirmed assertion of GAack_L. 

(Write cycles of G bus) 

[0186] Write cycles of the G bus are configured as described below. 

(1) A master requests a bus and asserts signal gReq_L 

(2) An arbiter grants the request, asserts a signal gGnt_L and negates gReq_L. 

(3) Upon reception of gGnt_L, the master drives signal gTs_L,gAddr,gRdNotWr,gBstCnt 

When gSlvBsy_L is not asserted for a write operation, the master drives also gData, When gSlvBsy L is driven, the 
master postpones the drive until gSlvBsy_L is freed. 

(4) A slave decodes an address when signal gTs_L is asserted and recognizes that data is transferred to the 
slave when the address is hit. The slave starts driving gSlvBsy L and gAack_„L when gSlvBsy_;L is not assorted by 

^ another slave at this time. The slave drives also gData in case of read. When gSlvBsy L is asserted by another 

slave, a data bus is in use and the slave postpones the start of the drive until the data bus gSlvBsy_L is 
negated. When the slave can make preparations for data transfer after starting the drive of signals gSlvBsy_L, 
gAack_L and (gData), it asserts each signal and starts data transfer. 

(5) The address phase terminates when gAack_L is asserted and the master negates gAddr, gRdNotWr, gBstCnt. 
45 From this time, the master exchanges write data by every clock and transfers data in an amount specified by 

gBstCnt. The master and the slave must know end of the data transfer by counting clocks by themselves. 

[0187] When the slave cannot transfer data in an amount requested by the master in the course of the data 
transfer, it can cancel transfer of next 16 beats by asserting bStStp_L at 15th beat. However, the slave cannot cancel 
50 in the course of the 16 beats. 

[0188] When gBstStp_L is asserted, the master and the slave must terminate the data transfer by a next clock. 

<Cache invalidation unit CIU> 



[0189] A cache invalidation unit (hereinafter referred to as ClU in short) 2005 monitors write transaction from 
the B bus to a memory and when transaction occurs, the cache invalidation unit invalidates a cache built in the CPU 
shell using a cache invalidation interface of the CPU shell before termination of write into the memory. " 
[0190] The CPU shell uses three kinds of signals which are mentioned below. 
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• SnoopADDR[31 :5] (Cache Invalidation Address) 

• DCINV (Dcache (data cache) Invalidation Strobe) 

- ICINV (Icache (instruction cache) Invalidiation Strobe) 



[0191] A cache is invalidated by three docks at maximum. Since write from the B bus into a memory cannot 
terminate by three clocks, the cache invaffidation unit 2005 does not perform a hand shake of an invalidation end 
using a stop L signal output from the processor shell 401. However, the cache invalidation unit 2005 drives bSnoop 
Wait at cycles which are the same as those Jor Stop_L on the B bus as a preparation for a modification in the future. 
(01921 In a current implementation, the cache invalidation unit 2005 Invalidates also an Icache for security 
when write occurs from the B bus. Invalidation of the Icache is unnecessary if a self modifying code is inhibited by 
an OS and the instruction cache is intentKonally invalidated for loading data which may be used as an instruction. 
Some upgrading of performance is expectabSe in :this case, 

<Memory Maps> 

[01931 FIGS. 23A through 23D and FIGS. ,24A through 24D show memory maps. FIGS. 23A through 23D show a 
virtual memory map, a physical memory m^,, a memory map in an address space of the G bus and a memory map in 
an address space of the B bus respectively. Furthermore, FIGS. 24A through 24D are maps which illustrate 512 Mbytes 
of slashed areas including registers and the fflke in FIGS. 23A through 23D. 

[0194] A memory model of the processor core is based on R3000. The processor core has a physical address 
space of 4 Gbytes by 32-bit addressing. A. virtual space also performs 32-blt addressing. A maximum size of a user 
process is 2 Gbytes. Address mapping is different between a kernel mode and a user mode. The drawings shpw 
memory mapswhere an MMU is not used. - 

(User mode virtual addressing) 

[0195] A user virtual, address space (Scuseg) of 2 Gbytes are effective for virtual addressing in the user mode. 
Addresses of the user segments start from OxGOOOOOOO and all effective accesses have msb cleared to 0. Reference to 
an address at which msb is set in the user mode causes an address error exception processing. TLB maps all 
references to kuseg in tiie same manner in tSue user mode and the kernel mode. Furthermore, TLB is cashable, kuseg is 
ordinarfly used to hold the user code and da&a. 

(Kernel mode virtual addressing) 

[0196] The virtual address space in the- 9cernel memory mode has four address segments. 

• kuseg: 2 Gbytes from 0x800000000 of vartuial addresses. This segment can be paged, cached in a selected unit and 
mapped. This segment is overlapped befeween kernel memory access and user memory access. 

• ksegO: 512 Mbytes from 0x80000000 of the virtual addresses. This segment is mapped directiy into first 512 Mbytes 
of a physical memory. A reference is cached but TLB is not used for address mapping. ksegO is ordinarily used for 
a kernel execution code or kernel data. 

- ks^1: 512 Mbytes from OxAOOOOOOO of .the virtual addresses. This segment is mapped directly into first 512 Mbytes 
of the physical memory. A reference is inot cached and TLB is not used for address mapping, ksegl is ordinarily 
used by the OS for an I/O register, a ROM code and a disk buffer. 

■ kseg2: 1 Gbytes from OxGOOOOOOO of the virtual addresses. This segment is mapped, like the kuseg/.by the TLB 
from the virtual addresses into the physical addresses. Cashing of this segment is optional. The OS ordinarily 
uses kseg2 for data at each process which .requires remapping by a stack or a context switch. 

(Virtual address memory map (FIGS. 23A ansd 24A)) 

[0197] The virtual address space has 4 Gbytes to which access can be made from all memories and l/Os in the 
system. A SYSTEM MEMORY (1 GB) existsin the keseg. 

[0198] The ksegO has a builtnn RAM {16 MB). When it is desired to program a vector for exception processing, 
this RAM is implemented and an exceptioca vector base address is set at 0x80000000. This address is mapped at 
OxBOOOOOOO in the physical address space. 

[0199]. The ksegl has ROMs. I/Os and registers which include a boot ROM (16 MB), SBB internal registers, MC 
internal registers (16 MB) and an 10 Bus B/O 1 (16 MB: primitive 8 bus registers such as a G bus arbjter internal 
register^ a B bus arbiter internal register and a PMU internal register), 10 Bus I/O 2 (16 MB), 10 Bus MEM (16 MB), 
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G bus MEM (32 MB), FCWViT ROM (240 MB). FONT ROM or RAM (16 MB). 
[0200] The kseg 2 has a PCI I/O (512 MB) and a PCI MEM (512 MB). 

[0201] Since both ksegO and ksegl are mapped into the first 512 Mbytes of the physical address space, the first 
512 Mbytes of all the ks^O, ksegl and kuseg refer to the same physical address space. 

^ (Physical address memony map (FIGS. 238 and 24B)) 

[0202] Like the virtual address space, the physical address space has 4 Gbytes to which access can be made from 
all the memories and l/Os in the system. 

[0203] The PCI I/O, PCI MEM and SYSTEM MEMORY are similar to those on the virtual address memory map. 
10 [0204] Since both kseigl and kseg2 are mapped Into first 512 Mbytes in the physical address space, the ROMs, 
1/Os and Regs exist in a space from 0x00000000. 

(G bus memory map (FIGS. 23C and 24C)) 

[0205] The G bus acfdress space has 4 Gbytes to which access can be made only from the SYSTEM MEMORY, G 
'5 bus MEM and FONT. 

(B bus memory map (FIGS. 23D and 24D)) 

[0206] The 8 bus address space has 4 Gbytes to which access can be made only from the PCI, I/O, PCI MEM, 
20 SYSTEM MEMORY. 10 Bus 1/0 2, lO Bus MEM and FONT. 

[0207] Since an 10 Bus I/O 1 is a primitive register, a space from OxICOOOOOO to 0x20000000 is protected from 
the PCI and access cannot be made to this space from the PCI. 

<Address svwtch> 

25 [0208] An address switch 2003 is provided to send an address signal from a bus which is used as a master to a 
bus which is used as a slave by way of the SBB 402 for data transfer among the SC bus, G bus, B bus and MC bus. For 
transfer by way of the SBB 402, the SC bus, G bus and B bus can be used as masters, whereas the B bus and MC bus 
can be used as slaves. And one of the SC bus, G bus and B bus functions as a master which sends the address signal 
to the MC bus, whereas only the SC bus functions as a master which sends the address signal to the B bus. 
[0209] Furthermore, transfer between the SC bus and the B bus can be executed simultaneously with transfer 
between the G bus and the MC bus. 

[0210] FIG. 25 shows a block diagram of the address switch 2003. A switch sequencer 2003a changes over a 
switch 2003b to select the B bus or the MC bus as a slave and changes over a switch 2003c to select the SC bus, G 
bus or B bus as a master. This configuration uses any one of the SC bus, G bus and B bus as the master for MC bus, 
selects only the SC bus as the master for the B bus, and allows the transfer between the SC bus and the B bus 
35 simultaneously with the transfer between the G bus and the MC bus. 

<Data switch> 

[0211] A data switch functions to switch a data flow in the SBB for data transfer among the SC bus, G bus, B bus- 
and MC bus. Data is sent from a master to a slave for write or from the slave to the master for read. 
40 [0212] . FIG. 26 shows a block diagram of a data switch 2004. A configuration shown in FIG. 26 is capable o.f 
controlling the data flow for write or read by switching selectors A-1 through A-3, B-1 and B-2 as shown in Table 7, 
thereby selecting the SC bus. G bus or the 8 bus as a master and setting the B bus or the MC bus as a slave. / 



[Table 7] 



45 


Master 


Slave 


W/R 


Data flow 


A-1 


A-2 


A-3 


B-1 


B-2 


SCBus 


Bbus 


Write 


SC->B 




b 














Read 


B-»SC 










b 






MCBus 


Write 


SC MC 


b 






a 










Read 


MC-^SC 




a 






a 
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Gbus 


MCBus 


Write 


G^MC 






a 
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Read 


MC^G 
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Bbus 


MCBus 


Write 


B^MC 
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b 










Read 


MC^B 




a 
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<Arbitration> 

[0213] For changing ower the switches, the switch sequencer 2003a disposed in the SBB 402 performs arbitration 
among three kinds of connection requests from outside the SBB which are listed below: 

1.CPU 



2. G bus master 

3. B bus master. 



[0214] The arbitration is determined dependency on current connected conditions of the bus switches and a 
preliminarily set priority ordCT, thereby changing connections of address switches and data switches. 

<Timing diagram> 

[0215] FIGS. 27 through 32 show timing diagrams. FIG. 27 is a timing diagram showing cycles for write/read from 
the G bus, FIG. 28 is a timing diagram showing burst stop cycles of the G bus and FIGS. 29 through 32 are timing 
diagrams showing transactiflsn stop cycles of the G bus. 

2.6. PCI Bus Interface 

20 

[0216] FIG. 33 shows a block diagram of the PCI bus interface 416. 

[0217] The PCI bus interface 416 is a block which interfaces the B bus which is an internal general purpose 10 
bus of the DoEngine with the PCI bus which is an 10 bus outside the chip. 

[0218] Oependentiy om settings of input pins, the PCI bus interface 416 can be in a host bridge configuration 
25 which is capable of issuing ;a PCI bus configuration at a reset time or a target corifiguration which does not issue 
the PCI bus configuration. 

[0219] When an access request is sent from the PCI bus master to an internal resource of the DoEngine by way of 
a PCI bus signal interface 3302, a master DMA controller 3301 of the B bus interface functions as a B bus master 
which bridges the access reapiest into the B bus. 

[0220] Furthermore, th© master DMA controller 3301 is capable of transferring a DMA from a memory mapped in 
^ the PCI bus to a DoEngine inemory. At a stage to transfer the DMA, the master DMA controller 3301 Issues a transfer 
destination address (bPciA<rBdr{31:0]) and an ID signal (bPcilD) of the PCI master controller 3301 to the B bus and an 
arbitration sequencer simultaneously with a bus request to operate a B bus DMA intended by a programmer and a G 
bus DMA in a due access oeder 

[0221] The master DMIA controller 3301 receives a bus grant (bPciBGnt L) and stops assertion of the ID signal 
35 (bPcilD) upon completion of ithe data transfer using a bus. 

[0222] In addition, the PCI bus is rated for 33 MHz, 32 bits and in compliance with PCI 2.1 . 

2.7 G Bus Arbiter 

[0223] FIG. 34 shows a block diagram of the G bus arbiter (GBA) 406. 
40 [0224] An arbitration; of the G bus is of a central arbitration type, and has an exclusive request signal 
g(mastername)Req_L) and a grant signal (g(mastername)Gnt_L) for each bus master. In FIG. 34, master names are Ml 
through M4. The bus arbiter 406 supports up to 4 bus masters and has characteristics which are described below: 

■ The arbiter can be programmed by setting an internal register 3401a. 

Register setting is performed from the B bus. 



The arbiter has a fair arbitration mode in which the bus license is fairly given so that all bus masters have the 
same priority and a priority arbitration mode in which any one of the bus masters has a high priority so as to 
allow it to use a bus preferentially. A bus master which is to have the high priority is determined by setting a 
register 3401b. 

The arbiter permits settirog a number of successive uses of the bus by the bus master having the high priority. 

The arbiter supports a transaction stop cycle which stops a transaction whose address phase has been started but 
whose data phase has root been started yet 

The arbiter is capable of programming a sequence processing in a plurality of bus masters (described later). A 
programmed sequence ss stored in a register table 3401a. 
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• As a mechanism to maintain an access sequence intended by the programmer, the arbiter has a mechanism which 
reserves granting of bus use by a specific master on the basis of a master ID signal and a stop signal from a 
synchronous unit when the G bus master and B bus master issue sequential write to the same memory address. 



5 [0225] ; In addition, programming into a register is performed by the CPU 401 by way of the B bus. 
(Arbitration sequencer) 

[0226] Arbitration sequencers 3402a and 3402b used as kernels of the G bus arbiter perform arbitration between a 
priority master and other four non-priority masters with five masters. The fair arbitration mode is realized by 
allocating request signals and grant signals from the four bus masters to the four non-priority masters with a 
request dispatch circuit 3403 and a grant dispatch circuit 3404. Furthermore, the G bus arbiter operates in the 
priority arbitration mode by allocating one of the four bus masters as a priority master of a highly preferential 
arbitration sequencer 3402a. These allocations are carried out according to setting of registers 3401a and 3401b. 
Accordingly, the preferential bus master can obtain a right of bus use with a higher possibility than the other masters. 
15 [0227] In addition to adjustment of the possibilities to obtain the right of bus use, a master which is 
allocated to the high priority sequencer 3402a is capable of using the bus successively in a number which Is 
variable with a programmable register. This means that the G bus arbiter is capable of adjusting an occupied ratio 
of the bus to allow a specific master to use the bus more frequently. 

(Fair arbitration mode) 

20 

[0228] In this mode, all the bus masters have the same priority and fair occasions to obtain a bus right. When 
the bus is free, a bus master which issues a request first can obtain the bus right. When a plurality of bus masters 
■ issue requests at the same time, the bus right is given sequentially in a predetermined order (round robin mode). 
When all the. bus masters M1 through. M4 issue requests by the same clock, for example, the bus right is given in an. 
order of M1 ^ M2 M3 ^ M4. When all the bus masters issue request upon terminating transaction of M4, the bus 
license is given in a similar order of Ml -> M2 -> M3 M4 -> M1 -> M2 .... When some of the bus masters Issue 
requests, M4 laps round M1 and the bus right is granted to a master whichever has a larger out of those closest to a 
master which used the bus last. 
. [0229] Once the bus right is shifted to another bus master, It cannot obtain the bus right once again before the 
bus right is given to all bus masters which issue requests. 

30 

(Priority arbitration) 

. [0230] In this mode, a bus master (a bus master registered in the register 3401b) is selected as a priority bus 
master which has a higher priority than other bus masters and the bus license is given to the priority bus master 
preferentially to the other bus masters, The bus masters other than the priority bus master have the same priority. 
35 [0231] When a plurality of bus masters Issue requests and the priority bus master Issues requests successively, 
the priority bus master and the other non-priority bus masters obtain the bus license alternately. 
[0232] When the bus license Is shifted from the non-priority bus master to another bus master, the non-priority 
bus master cannot obtain the bus license once again only after the bus license is given to all other bus masters 
which issue requests. 

40 

(Transaction stop cycle) 

[0233] Even If another bus master has started an address phase when the priority bus master issues a request In 
the priority arbitration mode, the priority bus master can obtain the bus license with a transaction stopped so far 
as a data phase has not been started yet When the priority bus master has the bus license Immediately before, 
45 however, the number of successive obtention of the bus license cannot be exceeded. 

[0234] When an intercepted bus master has Issued a request upon termination of a transaction of the priority bus 
master, the bus license is given to the bus master preferentially. 

(Switching of priority bus master) 

50 [0235] The priority bus master can be switched to another bus master by rewriting the register 3401 b. VVhen the 
register which selects the priority bus master is rewritten, the priority bus master is switched upon termination 
of a transaction which is currently executed. A state of an arbiter is reset in an idle state and the arbitration is 
performed once again assuming that a bus master which issued a request at a time of the rewrite Issues a request 
upon terrnination of the transaction. 

^ [0236] Sufficient attention must be paid to the switching of the priority bus master. If the priority bus master 
is switched to a different- bus master before a DMA of a bus master which is to have the priority terrriinates, a 
priority of a DMA of the initial priority bus master, will be lowered. When it is not desired to lower the DMA of the 
initial priority bus master, the priority bus master must be switched after confirming termination of the DMA. 
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. [0237] When a software requires dynamically switching the priority bus master not only at a system boot time but 
also during system operation, the operator should once intercept settings for all the bus masters and the DMA 
controller to prevent a new DMA request from occurring in the G bus, then set adequate values in the register of the 
G bus arbiter 406, further check the status register In the G bus arbiter 406 and confirm switching of the priority 
of the bus master, thereafter making access to a new G bus and starting the DMA. 
^ [0238] Dynamic switching of the priority bus master must be performed with sufficient consideration since it may 
change or violate real time warranty for an operating system and a setting of task priority. 

(Sequential processing) 

[0239] FIG. 35 is a block diagram of the G bus 404 and other components in the DoEngine 400 which are related to 
DMA by the bus masters of the G bus. When it is required to process data sequentially with a plurality of bus 
masters, it is considered, for example, to perform processing A of data in a memory 3501 with a bus master 1, 
perform processing B with a bus master 2 and send processed data to a bus master 4. 

[0240] By way of the 8 bus 405, a software for performing these processings, i.e., a program to be executed by 
the CPU 401 sets a sequence to allow the bus masters to use a bus, conditions to start granting the bus license and 
15 a condition for end in the register table 3401a in the bus arbiter 406. In this example, the sequence and the 
conditions are set as follows: 



20 



Bus master 


Start condition 


End condition 


1 . Bus master 1 

2. Bus master 2 

3. Bus master 4 


gM2BufEmpty 

gMIBufReady 
gM2BufReady 


gMIBufReady 

gMIBufEmpty 
gM2BufEmpty 



25 That is, upon receiving a signal set as the start condition from each bus master, the G bus arbiter 406 grants the 
bus license to the .bus master and upon receiving a signal set as the end condition, the G bus arbiter 406 deprives 
the bus master of the bus ficense. 

[0241] The - software sets a DMA for each, bus master. With this DMA, each master issues a request 
(g(mastername)Req_L) to the G bus arbiter 404. The G bus arbiter 404 grants the bus right to the bus master 1 in a 
sequence registered in the register table 3401a (gM1Gnt_L). The bus master 1 reads data in a certain unit from a 
memory 3501, performs the processing A and writes the data into a buffer in the bus master 1. The bus master 1 
transmits a signal gMIBufReady to the arbiter 406 to inform that the bus master 1 has completed processing of a unit 
and the buffer is ready. 

[0242] Upon receiving the signal, the arbiter 406 deprives the bus master 1 of the bus right and grant the bus 
right to the bus master 2 according to the conditions for granting and depriving of the bus right which are 
35 registered in the register table 3401a. The bus master 2 reads the data from the buffer of the bus master 1, 
performs the processing B and stores the data into a buffer in the bus master 2. When the buffer of the bus master 1 
becomes empty in this while, gMIBufEmpty is asserted and the arbiter 406 stops granting the bus right to the bus 
master 2. The bus. master 2 performs the processing B and transmits a signal gM2BufReady to inform that its buffer is 
ready. 

[0243] The arbiter 406 receives the signal and grants the bus license to the bus master 4 this time according to 
40 contents of the register 3401a. The bus master 4 reads the data from the buffer of the bus master 2. When the buffer 
of the bus master 2 becomes empty, the bus master 4 transmits gM2BufEmpty to the arbiter 406 for information, and 
the arbiter 406 receives this signal, grants the bus license to the bus master 1 once again according to the 
contents of the register 3401a and starts a next processing of data. 

[0244] Upon completing the M DA set in each bus master, it causes an interrupt to inform the completion to the 
processor When the software receives end Information from al! the bus masters, it knows an end of a series of 
processings. 

[0245] The operations described above are those in a complete sequential mode in which bus masters other than 
those related to the sequential processings cannot use the bus. In order to allow the bus masters which are not 
related to the sequential processings to use the bus even during the sequential processings, a priority sequential 
mode is prepared. Switching between these modes is performed by programming the register in the arbiter 406. In the 
50 priority sequential mode, the bus masters which perform the sequential processings can preferentially use the bus 
. and the bus masters which are not related to the sequential processings are also allowed to use the bus. 
Arbitration between the bus masters which perform the sequential processings and the bus masters which are not 
related to the sequential processings is similar to that in the priority arbitration mode which has been described 
above. It is needless to say that the bus license is not granted to a bus master which is related to the sequential 
processing but does not satisfy the condition to obtain the bus right and has no turn of itself. 

55 

(Mechanism to maintain access sequence) 

[0246] When a signal stopSpc is asserted, a scanner controller/printer controller which is one of the G bus 
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masters is excepted from among objects of the arbitration and the bus license is not granted to this G bus master 
even if it asserts a request. The arbitration is performed among the masters, with this G bus excepted. Detailed 
description will be made separately in a section of B bus arbiter. 

<Timing diagram> 

[0247] A timing of a G bus arbitration will be described with reference FIGS. 36 through 39. FIG. 36 exemplifies 
the fair arbitration mode (fair mode) in a case where a number of successive bus use is set at 1 for all the bus 
masters 1 through 4. A second bus request from the bus master 1 (at a timing 4) Is postponed until all other bus 
masters that issues bus requests have been processed once. 

[0248] FIG. 37 is an example of fair arbitration mode wherein a number of successive bus use is set at 2 only 
for the bus master 1 and set at 1 for the other bus masters. The second request issued from the bus master 1 (at a 
timing 4) is granted immediately after a first request and the other bus masters are kept waiting until a processing 
for the second request has been completed. 

[0249] FIG. 38 is an example of priority arbitration mode wherein a number of successive bus use is set at 1 for 
each bus master and the bus master 1 is set as a priority bus master. Since the bus license is granted alternately 
to the priority bus master and non-priority bus masters, a second bus request from the bus master 1 is granted after 
the bus master 2 uses the bus and a bus request from the bus master 4 is granted after the bus master 1 uses the bus 
for the second time. Furthermore, a second bus request from the bus master 2 is granted after all other bus masters 
which issue bus request, the bus master 1 and the bus master 4 in FIG. 38, use the bus. 

[0250] FIG. 39 is an example wherein a bus request from the bus master 4 is granted but intercepted by a bus 
request from the bus master 1. In this case, the bus request from the bus master 4 is granted prior to a bus request 
from the bus master 2 when the bus master 1 completes use of the bus. 

2.8. B Bus Arbiter 

[0251] FIG. 40 is a block diagram of the B bus arbiter 407. 

[0252] The B bus arbiter 407 receives a request of bus use from the B bus 405 which is an internal general 
purpose bus of the DoEngine, gives a license of use to a selected master after arbitration and Inhibits the bus from 
being used by two or more masters at the same time. 

[0253] The arbitration mode is configured to have three steps of priorities to each of which a plurality of 
masters can be allocated programmably. Three masters at maximum can be allocated to a highest priority, seven 
masters at maximum can be allocated to an intermediate priority and three masters at maximum can be allocated to a 

lowest priority. 

[0254] The B bus arbiter has a mechanism which reserves granting of the right of bus use to a specific master on 
the basis of the master ID signal and the stop signal from the synchronous unit as a mechanism which functions to 
maintain an access sequence intended by the user when the G bus master and the B bus master sequentially issue 
writes to the same address. 

(Arbitration sequencer) 

[0255] The B bus arbiter is composed of three sequencers 4002, 4003 and 4004. These arbitration sequencers has 
a high priority, an intermediate priority and a low priority respectively, and comprises arbitration sequencers for 
three, seven and three bus masters respectively. Request signals from units which may be used as bus masters in the 
40 B bus and grant signals to the units are distributed among these three sequencer units by a request selector and a 
grant selector. This distribution is selectable as a unique combination from among a plurality of combinations by a 
software-programmable register 4005a in a B bus interface 4005. 

[0256] A fair arbitration can be realized, for example, by connecting request from seven masters at maximum to 
the intermediate priority arbitration sequencer 4003. Furthermore, some of the masters are allocated to the high 
priority arbitration sequencer 4002 so that they can acquire the bus license at a possibility higher than the other 
45 masters. Moreover, some requests are connected to the low priority sequencer 4004 so that they use the bus at a low 
rate. In addition to adjustment of possibilities to use the bus described above, the masters which are allocated to 
the high priority sequencer 4002 can use the bus successively in a number which is variable by a programmable 
register 4005a. Accordingly, the arbitration sequencer can adjust occupied rates of the bus and allow specific 
masters to use the bus for a longer time. 

^ (Fair bus arbitration mode) 

[0257] Taking the intermediate priority sequencer 4003 as an example, description will be made of a method to 
realize a fair arbitration. All bus masters connected to a sequencer has the same priority and fair occasions to 
obtain the bus license. When the bus is free, a bus master which issues a request first, can acquire the bus right 
(first come first serve). When a plurality of bus masters issue requests at the same time, the bus license is 
sequentially granted in a predetermine order (simultaneous request issuance round robin). When all bus masters M1 
through M7 issue requests with the same clock, for example, the bus license is granted in a sequence of 
Ml --> M2 M3 -> M4 M5 -> M6 ^ M7. When all the bus masters issue requests once again upon termination of 
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transaction .of M7. the bus license is granted in' a similar sequence of 
M1 -> M2 .M3 M4 ^ W95 M6 M7 ^ Ml -> M2. When some of the bus masters issue requests, the bus 
license is granted to a master whichever has a largest number closest to that of a master which used the bus last. . 

(Priority arbitration) 

[0258] The B bus interface has three arbitration sequencers which have high, intermediate and low priorities. An 
arbitration having a priority order is realized by selectively allocating a plurality of bus requests selectively to 
high priority and low priority arbiters. 

[0259] When a bus master is allocated to the high priority arbiter and rest bus masters are allocated to an 
intermediate prionty arbiter, for example, the bus master functions as a priority bus master having a priority 
order higher than the rest bus masters and acquires the bus license preferentially to the other bus masters. All 
bus masters allocated to arbitration sequencers which have the same priority have the same priority order. 
[0260] When a plurality 'Of bus masters issue requests and the priority bus master issues request successively, 
the priority bus master and tihe other bus masters acquire the bus license alternately. When M3 is the priority bus 
master and M1, M2. M3 and M4 issue requests successively, the bus license is granted in a sequence 
M3 ^ M1 ^ M3 ^ M2 -> M3 ^ M4 ^ M3 ^ M1. 

[0261] Furthermore, a fiiugh priority bus master can acquire the bus license successively in a number which is 
preset in a programmable register in an arbiter. The number of successive bus use is 4 at maximum. 
[0262] When the bus t&cense is shifted from a bus master other than the priority bus master to another bus 
master, the bus master canniot acquire the bus Bcense before the bus license is given to all bus masters which issue 
requests. When a bus master issues requests successively, the bus master can acquire the bus license successively if 
no other bus master issues a request, but only in a preset number if another bus master issues a request. Once the 
bus license is shifted to another bus master, the bus master can acquire the bus license once again only after the 
bus license is granted to all bcdS masters which issue requests. 

[0263] Three requests at maximum can be allocated to the low priority arbitration sequencer 4004. The bus 
license is granted to the bus masters allocated to the low priority sequencer 4004 only in a condition vvhere ad' the 
bus masters allocated to the iritermediate sequencer and the high priority sequencer do not issue a request: Bus 
masters must be allocated witih sufficient care to the low priority sequencer. 

(Switching of priority bus master) 

[0264] The priority bus master can be switched by rewriting a register in an arbiter. When a register which 
selects the priority bus ma^r is rewritten, the priority bus master is switched upon termination of a transaction 
which is being, executed at that time. The arbiter is returned to the idle state and arbitration is performed among 
bus masters which issued requests when the register is rewritten assuming -that the bus masters issue the requests 
upon termination of the transaction. 

[0265] Sufficient care cmtist be taken for the switching. If the priority bus master is switched to a different 
bus master before completiirag a DMA of a bus master which is to be preferential, a priority of the initial priority 
bus master is lowered. When it is desired not to lower the priority of the initial priority bus master, it is 
necessary to switch the priority bus master after confirming completion of the DMA. 

[0266] The dynamic switching of the priority bus master must be carried out with sufficient consideration since 
it may change or violate real tame vrarranty for the operating system and a priority order of tasks. 

(Access sequence control mechanism) 

[0267] The B bus arbiter 407 comprises an access sequence control mechanism. The access sequence control 
mechanism is composed of ttie synchronous unit 4001, the B bus arbiter 407 "and a bus license issuance suppression 
mechanism built in the G bus arbiter 406. A bus license issuance suppression mechanism built in the B bus arbiter 
407 operates like that of the G bus arbiter. When a stopPci signal is input, a bus request is issued from a Pci bus 
master. The bus license issuance mechanism does not issue the bus license to this master but grants the bus license 
to another bus master even nf .a result of an arbitration shows a condition where the bus license can be granted the 
Pci bus master. Speaking concretely, the bus license issuance suppression mechanism masks bPciReq_L immediately 
when the stopPci signal is input 

[0268] The bus license fesuance suppression mechanism operates quite similarly in case of a bus request signal 
from the LAN controller 414 and a stop signal. FIG. 41 shovy^ a block diagram of the synchronous unit 4001. In the 
synchronous unit, comparison units 4101 through 4103 are connected to any one of a plurality of combinations of DMA 
masters. In the DoEngine, the scanner controller/printer controller only exists as a DMA master on the G 
bus. A DMAPCI unit and LAN unit exist on the B bus. The B bus interface in the SBB which is a bus master on the B 
bus does not make access directly to a memory and does not output an ID or a transfer destination address to the 
synchronous unit 4001. 

P269] FIG. 42 shows a corriparison unit 1 out of the comparison units disposed in the synchronous unit. The other 
comparison units have a similar configuration. 

[0270] From a DMA block accompanying the PCI interface 416 or the scanner controller/printer controller, an 
address of a transfer destination and a request signal peculiar to its DMA" block are informed to the synchronous 
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unrt 4001 when a DMA write is programmed. 

IP271] When a request is oullput from each DMA block, each comparison unit stores the address together with a 
current time counted with an intemnal timer, and when an address and a request related to the DMA write are input 
from another DMA block, each coimparison unit compares both the addresses. When the addresses are coincident, the 
comparison unit further compares ihe times stored in registers and takes a measure to prevent the bus license from 
being granted to a bus arbiter of a bus connected to the DMA block which issued the DMA write request at a later 
time. This measure is informed to a 'bus arbiter of each bus with a stop(ID) signal. 

PX272] Each bus arbiter does not allocate the bus license to the master to which the stop(ID) signal is informed 
by an arbitration. 

[0273] When time elapses arwd the bus master which issued the access request precedently completes the DMA 
wnte in a corresponding memory address, the preceding master dismisses the request from the synchronous unit and 
the synchronous unit dismisses issuance of the bus license grant inhibiting signal for a DMA block from a bus 
arbiter of a bus connected to the DMA block which issued the DMA write request secondly. Thereafter, a master which 
is to perform a DMA write executes the DMA write. 

[0274] When both the DMA \Amtes are completed and both the requests are dismissed, a timer is reset. The timer 
counts up once again when a reqtsest is output from either of the masters. 

2.9. Scanner Controller/Printer Controller 

\p(275l FIG. 43 shows a block diagram of the scanner controller/printer controller and peripheral circuits. The 
scanner/printer controller is a block which interfaces a scanner and a printer with the G bus or the B bus. The 
scanner/printer controller is composed of three functional blocks which are described below: 

1. Scanner Controller 

pi276] A scanner controller is connected to a scanner by way of a video l/F to control operations and data 
transfer. The scanner controller is connected to a G bus/B bus l/F unit 4301 A by way of an IF-bus for data transfer 
and register read/write. The data transfer has a master function. 

2- Printer Controller 

[Q277] A printer controller iis connected to a printer by way of a video l/F to control operations and data 
transfer. The printer controller Is connected to a G bus/B bus l/F unit 4301 B by way of an t/F bus for data transfer 
and register read/write. The data transfer has both a master function and a slave function. 

3. G Bus/B Bus l/F Units 

[0278] The G bus/B bus l/F LBtnits are used to connect the scanner controller 4302 and the printer controller 4303 
to the G bus or the B bus. The G bus/B bus l/F units are connected independently to the scanner controller 4302 and 
the printer controller 4303 for connection to the G bus and B bus. 

4. CP Bus 

[0279] This is a bus for on-Ene connection of image data and synchronous signals for horizontal and vertical 
synchronization of a scanner and a printer. 

Z9.1. Scanner Controller 

[0280] FIG. 44 shows a blodk diagram of the scanner controller 4302. The scanner controller 4302 is a block 
which is connected to the scan nor by way of a video l/F so as to interface with the G bus/B bus l/F unit (sec GBI) 
4301 A. The scanner controller 4302 is interfaced with the G bus/B bus l/F unit (sec GBI) 4301 A by way of an sccl/F 
bus. The scanner controller is composed mostly of blocks which are mentioned below: 

1. Scanner device l/F 4401 

An input/output port to input and output signals Into and from the video i/F of the scanner. 

2. Scanner video clock unit 4402 

A unit which is operated with vicfieo clocks from the scanner. 

3. Scanner image data FIFO controller 4403 
Controls as FIFO for image data transfer. 

4. Scanner controller control register unit 4404 

A register to control the scanner controller as a whole. 
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5 IRQ controller 4406 
Controls an interrupt signal generated in the scanner controller (Sec). 



6. Memory fill mode controller 4405 

Controls a mode In which fixed data set In a register is transferred to a memory. Selects the fixed data or image 
^ data from the scanner. 

7. FIFO (FIFO^SCC) 4407 

A FIFO which is used when an output destination device may be asynchronous from video data at a stage to output 
video data from the scanner. 
10 Kinds of image data input from the scanner include: 

1 . Color many-valued data having 8 bits each in R, G and B. 

2. 8-bit white-black many-valued data 

^5 3. 1-bit white-black binary data. 

Now, the blocks which compose the scanner controller will be outlined below: 



2^ [1 . Outline of scanner device l/F] 

[0281] FIG. 45 shows a block diagram of the scanner device l/F 4401. The scanner device l/F is an input/output 
port which inputs and outputs signals into and from a scanner video l/F 4501 of the scanner unit The scanner device 
l/F 4401 is capable of determining whether or. not level inversion is performed for each of image signdiis SVideoR[7: 
0], SVIdeoG[7:0] and SVideoB[7:0] input from, the scanner video l/F in correspondence to a signal VDInvt from the 
25 scanner controller control register 4404. 

[2. Outline of scanner video clock unit] 

[0282] FIG. 46 shows a block diagram of the scanner video clock unit 4402. The scanner video clock unit 4402 is 
a block which is operated with video clocks from the scanner. The scanner video clock unit 4401 is composed of 
30 blocks which are mentioned below: 

1. Scanner video data mask 4601 

[0283] This is a block which masks image data from the scanner. Masked data has values which are set in a 
register. 

35 

2. Scanner video synchronous control unit 4602 

[0284] This is a block which generates a timing signal or the like to be used for acquiring image data from a 
video clock, a VSYNC signal and a HSYNC signal provided from the scanner. This control unit manages'data numbers 
^ and line numbers in horizontal and vertical directions of the image data. 

3. Video data width converter. 

[0285] This is a block which converts image data input from the scanner by packing it Into data having a width 
of 64 bits. 

45 

(Outline of scanner video data mask) 

[0286] FIG. 47 shows a block diagram of the scanner video data mask 4601. The scanner video data mask 4601 
masks the image data input from the scanner In a pixel unit. Masked image data has values which are set by a 
register (RDMask[7:0], GDMask[7:0] and BDMask[7:0]). 
50 ^ 
(Outline of scanner video synchronous control unit) 

[0287] FIG. 48 shows a block diagram of the scanner video synchronous control unit 4602. The scanner video 
synchronous control unit 4602 generates an enable signal (IVE) for image data to be acquired frorri a vertical 
synchronous signal (SVSYNC), a horizontal synchronous signal (SHSYNC) and an image data synchronous clock 
^ (GTSVCLK) of image data input from the scanner. Furthermore, the scanner video synchronous control unit 4602 
manages a delay in a main scanning, direction of the image data, a number of pixels to be acquired, .a delay.in a 
subsidiary scanning direction and a number of lines to be acquired. Furthermore, the scanner video synchronous 
control unit 4602 generates a status signal (PENDP) at a timing when the image data has been acquired in a preset 
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amount. 

[0288] A line counter 4801 generates a vertical synchronous signal (EH) for lines effective to read an image by 
managing the da!y in the subsidiary scamnrng direction and the number of lines to be acquired. A pixel counter 4802 
manages the image acquistion delay in the main scanning direction and the number of pixels to be acquired. A page 
counter 4803 manages image data to beiinput in a page unit. It generates an end signal (ALLPEND) when the image 
data has been input in an amount corresponding to a set number of pages. 

(Outfine of scanner video data width converter 4603) 

[0289] FIG. 49 shows a block diagram of a -scanner video data width converter 4603. This is a unit which arranges 
Image data input from the scanner in a vvidth of 64 bits. Arranged data is written into the FIFO as 64-bit data. 
Three kinds of image data, the color image data having 8 bits each in R, G and B, the 8-bit white-black many-valued 
data and the 1-bit white-black binary d^a, can be input. A mode is set in the scanner controller control register 
4404. The scanner video data wkJth converter 4603 has a mode in which RGB color image data is arranged in 24 bits in 
a memory and a mode In which the image data is arranged in 32 bits with an additional byte. The three kinds of 
image data is input fronn signal lines which are mentioned below: 

1. Color image data having 8 bits each in .R, G and B ...R[7:0], G[7:0], B[7:0] 

2. 8-bit white-black many-valued imagie data ...R[7:0] 

3. 1-bit white-black binary innage data _..R7 



[0290] The data is rearranged in 64 bifts<and in the memory as listed below: 
I. Cotor image data having 8 bits each) in R, G and B (24-bit store mode) 
R 8 bits of first pixel -» Bits 63-56i 
G 8 bits of first pixel -> Bits 55-48 
B 8 bits of first pixel -> Bits 47-4Q) 

30 

R 8 bits of second pixel -> Bits 39^32 
G 8 bits of second pixel -> Bits 31^24 
B 8 bits of second pixel Bits 23-16 

35 

R 8 bits of third pixel Bits 1 5-8 
G 8 bits of third pixel Bits 7-0 



The data is arranged in a memory as shown in FIG. 50. 
2. Color image data having 8 bits each .in "R, G and B (32-bit store mode) 
R 8 bits of first pixel -> Bits 63-5S 

45 

G 8 bits of first pixel Bits 55-43 
B 8 bits of first pixel Bits 47-40 
R 8 bits of second pixel -> Bits 3t-:24 
G 8 bits of second pixel -> Bits 23-1 6 
B 8 bits of second pixel -> Bits 1 5-8 



The data is ananged in the memory as shown in FIG. 51 . 
3. 8-bit white~b!ack many-valued image data 
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-8 bits of first pixel Bits 63-56 
8 bits of second pixel Bits 55-48 
^ '8 bits of tSiird pixel Bits 47-40 

8 bits of fourth pixel Bits 39-32 
8 bits of fifth pixel Bits 31-24 

10 

8 bits of sixth pixel ^ Bits 23-16 
8 bits of seventh pixel Bits 15-18 
8 bits of eighth pixel -> Bits 7-0 

15 

The data Is arranged in the memory as shown in FIG. 52. 
4. 1-bit whlte-t3lack binary image data 
1 bit of fiist pixel ^ Bit 63 
1 bit of second pixel ^ Bit 62 
. 1 bit of tNrd pixel -> Bit 61 - . 

25 

-1 bit of fourth pixel Bit 60 



30 

A bit of soty-first pixel -> Bit 3 
1 bit of sbcty-second pixel -> Bit 2 
1 bit of sb^-third pixel ^ Bit 1 
• 1 bit of sfix^-fourth pixel bit 0 



40 [0291] The data is arranged in the memory as shown in FIG. 53. 
[0292] ■ Now, description will be made of each packing unit 

[0293] FIG- 54 is a timing diagram of a stage to convert the 8-bit white-black many-valued image data into the 
64-bit width by a BW8 packing unit 4901. When a signal VE is set at a high level, 8-bit white-black image data R[7: 
0] from the scanner is acquired and latched pixel by pixel into 64-bit latch in synchronization with signals LPO 
through LP7. When the image data is prepared in an amount of 8 pixels, latched 8 pixels of 64 bits are output as a 
signal B\/\/8[63:0] in synchronization with a signal LP64. 

[0294] FIG. 55 is a timing diagram of a stage to convert the white-black binary image data into the 64-bit width 
by a shift register 4902. When the signal VE is set at the high level, binary white-black image data R7 (SVIDEORO) 
Is acquired in an amount of 64 bits while being shifted bit by bit with the shift register and output as a signal 
BW1[63:0] in synchronization with a signal SVI-ATCH64. 

50 [0295] * ' FIG. 56 is a timing chart of a stage to convert the image data having the 8 bits each in R, G' and B (24 
bits in total) into.Gie 64-bit vAdth with an RGB packing unit 4903. Furthermore, FIG. 57 is a block diagram of the 
RGB packing unit 4903. In FIG. 57, image data R[7:0], G[7:0] and B[7:0] input from the scanner video data Mask 4601 
is input into 24-bit data latches 5701 A and 5701 B. The data latches 5701 A and 5701 B latch 24-bit data which are input 
in synchronization with latch signals LPO and LP1 having a frequency of a clock CLK divided into halves phases 
reverse to each other. The data latched by the data latches 5701 A and 5701 B are input into a 48 32 bit data 

55 selector 5702 as an input signal RGBHT[47:0] and output as a 32-bit signal DATA[31:0] in correspondence to a 2-bit 
select signal LPp:2]. This signal is output by one of three methods. A first method provides an. Input signal 
RGBHT[47:16] as the output signal DATA[31 :0]. A second method provides input signals RGBHT[15:0] and RGBHT[47: 
32] as output signals DATA[31:16] arid DATA[15:01 respectively. A third method provides an input signal RGI^HT[3f :0] 
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as the output signal DATA[3 1:0]. 

[0296] > . By latching the 24-bit image data alternately to the data latches 5701 A and 5701 B in synchronization with • 
latch signals and sequentially switching the three selection methods described above, an output from a data selector 
5702 is 24-bit/pixel data summarized in 32 bits. After data from the selector 5702 is selected by the third method 
described above, however, both data corresponding to two pixels which are input into the data selector, must be 
updated. Accordingly, select signal SELUL[3:2] is delayed for a clock as shown in FIG. 56. 

[0297] The data which has been converted once into the 32-bit width by the data selector 5702 are latched 
alternately to data latches 5704A and 5704B and contents of the data latch 5704B is output as data converted into the 
64-bit width at an updated timing or when a latch signal SELUL1 is set at a high level. 

[3. Outline of scanner image data transfer FIFO controller 4403] 



[0298] FIG. 58 shows a block diagram of a scanner image data transfer FIFO controller 4403. This block is 
composed of a FIFO 5801 which is a buffer to transfer image data input from the scanner by way of the G bus or the B 
bus and a circuit which controls the FIFO 5801. This FIFO has a capacity of 512 bytes (64 bits 64). While 
monitoring an empty flag (EF) of the FIFO 5801, a scanner FIFO write/read arbiter 5802 controls data output from the 
15 FIFO. Data Is input into the FIFO with a request signal (WREQ) from the scanner video clock unit 4402. 

[4. Outline of scanner controller control register 4404] 

[0299] FIG. 59 shows a block diagram of the scanner controller control register 4404. This block comprises 
registers which control internal members of the scanner controller. Internal registers of this block are: 

20 

1. Scanner controller power management control register 

2. Scanner controller control register 

25 3. Scanner controller interrupt factor status register 

4. Scanner controller interrupt factor mask register 

5. Scanner subsidiary mask line number setting register 
30 6. Scanner main scanning mask pixel setting register 

7. Scanner subsidiary scanning line number setting register 

8. Scanner subsidiary scanning line number counter read register 

9. Scanner subsidiary scanning pMxel number setting register 

10. Scanner main scanning pixel number counter read register 

1 1 . Scan page number setting register 

40 

12. Scanner page number counter read register 

13. Scanner device control register 

14. Scanner device status register 

45 

15. Scanner video mask data repster 

16. Memory Fill Data Register 

^ [5. Outline of IRQ controller 4406] 



[0300] FIG. 60 shows a block diagram of an IRQ controller 4406. This block manages an interrupt signal generated : 
in the scanner controller. Interrupt factors are as listed below: 

55 1 . Input end of image data corresponding to set pages (ALLEND) 

2. Input end of image data corresponding to a page (PageEnd) 
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3. Rise of an SPRDY signal from the scanner (false true) (INSPRDY) 

4. Fall of the SPRDY signal from the scanner (true -> false) (INSPRDY) 

5. Rise of a SVSYNC signal from the scanner (false true) (INSVSYNC) 

6. Fall of the SVSYNC signal from the scanner (true -> false) (INSVSYNC) 

7. Rise of an EMPTY signal of the image data FIFO (false true) (EMPTY) 
iO 8. Fall of the EMPTY signal of the image data FIFO (true false) (EMPTY) 

9. Rise of a FULL signal of the image data FIFO (false -> true) (FULL) 

10. Fall of the FULL signal of the image data FIFO (true ^ false) (FULL) 
15 11. Ovenwrite occurrence in the image data FIFO (FOW) 



[0301] Flag information (SCIRQ(31:21]) corresponding to the interrupt factors is output to the scanner 
controller control register 4406. A mask bit (SCIMask[31:21]) and a clear signal (SCICLRP[31:21]) corresponding to 
each interrupt factor are input from the scanner controller control register 4406. A logical sum of each interrupt 
factor Is output to the intScc. 

[6. Outline of memory fill mode controller 4405] 

[0302] FIG. 61 shows a block diagram of a memory fill mode controller 4405. This block controls a mode in which 
25 fixed data set in a register is transferred to a memory by way of the GBI. This mode is set with a Memfill signal. 
When a fixed data transfer mode is specified, data (MFData[31:0]) set in the register is selected as data to be 
output to the sccGBI. Furthermore, a timing signal (sccWrite) for data transfer to the sccGBI is generated in this block. 

(scclF-bus) 

30 [0303] An scclF-bus is a local bus which connects the G bus/B bus l/F unit 4301 A to the scanner controller 4302. 
This bus comprises signals which are listed below. Signals which are output from the scanner controller to the G 
bus/B bus l/F unit. (GBI) are represented by OUT and signals which are input from the G bus/B bus l/F unit (GBI) to 
the scanner controller are designated by IN. Since the IF-bus Is specified the same for both the scanner controller 
and the printer controller, signals for functions which are not supported by the scanner controller will also be 
described. Bclk of the B bus is used as a basic bus. 

35 

• sccRstO L: IN 



[0304] This signal Is used to return the FIFO In the scanner controller to its initial state. 
■ sccDataOut(63:0]: OUT 



[0305] This is a 64-bit data bus which is output from the scanner controller to the G bus/B bus l/F unit (GBI). 
image data is transferred when the scanner controller operates for data transfer. 

• sccWrite: OUT 



[0306] This is a write signal to the G bus/B bus l/F unit (GBI) when the scanner controller operates for data 
transfer. The G bus/B bus l/F unit acquires sccDataOut[63:0] at rise of Bclk for which the sccWrite signal is 
50 asserted. Continuous assertion of the sccWrite signal makes it possible to write data per clock. 

sccWriteEnable: IN 



[0307] This is a write signal to the G bus/B bus l/F unit (GBI) while the scanner controller is operating- for 
data transfer. It is output' from the G bus/B bus l/F unit (GBI). It indicates that rise of a next clock , makes it 
possible to. write data when the sccWriteEnable signal is asserted at rise of Bclk. The sccWrite signal is assjsrted 
by confirming the sccWriteEnable signal. 



-37- 



sccRegAddrl31:2]: IN 



EP 1 001 606 A2 



[03O8] This is a register address bus which; iis used to make an access from the G bus/B bus l/F unit (GBI) to an 
internal register of the scanner controlter. It becomes valid upon assertion of sccRegStart_L and is kept valid for 
the access to the internal register of the scanner controller until response with an sccRegAck_L signal. 

• sccRegbyteEn[3:0]: IN 



10 



15 



[03O9] This is a byte enable signal for sccRegDataln[31:0] output from the G bus/B bus l/F unit (GBI). It 
becomes valid upon assertion of sccRegStart_L and is kept valid until response with the sccRegAck_L signal. Only a 
vaOd byte indicated by this signal is writtert into a register. At a read time from the internal register, this 
signal is ignored and all bytes are output Eadh bit of this signal corresponds to a byte of the sccRegDataln[31:0] 
as fisted below: 



1 



sccRegbyteEn. : 

sccRegPataIn ; [31:24] [25:16] [15:8] [7:0] 



• sccRegStart_L: IN 

[0310] This is an access request signal which -is used to make an access from the G bus/B bus l/F unit (GBI) to 
the iinternal register of the scanner controller at indicates a request of access to the register when it is set at 
"Low." It is asserted together with the sccRegAddr[31:2] signal and a sccRegRdNotWr signal for a clock of Bclk. A 
next access is not asserted so long as the scanner controller returns the sccRegAck__L to this access. 

• sc«RegDataOut[31:0]: OUT 

[0311] This is a 32-brt data bus wtioph is used to make a read access from the G bus/B bus l/F unit (GBI) to the 
inta:nal register of the scanner controller. It is vaidd v^en the sccRegAck_L signal is asserted. 

sccRegDataln[31:01: IN 



[0312] This Is a 32-bit data bus wtrach is used to make a write access from the G bus/B bus l/F unit (GBI) to the 
intorfial register of the scanner controBer. It becomes valid upon assertion of the sccRegStart_L and Is kept valid 
for tSie access to the internal register of the scanrwr controller until response with the sccAck_L signal. 

40 . ' sccRegRdNotWr: IN 



[0313] This is a signal v\rtiich indicates an access direction (read or write) for an access from the G bus/B bus 
l/F iunit (GBI) to the internal register of the scanner controller. When the signal is "High," contents of the 
intewial register of the scanner controBer are read out to the sccRegDataOut[31:0] and when the signal is "Low," 
^ '• cortifcents of the sccRegDataln[31:0] are written into the internal register of the scanner- controller. The signal 
beoorbes valid upon assertion of the socRegStart_L and is kept valid for the access to the internal register of the 
scanner controller until response with thesccRegAck_L signal. 

• sccRegAck^L: OUT 

50 •• 

[0314] This is a signal which indicates completion of an access to the internal register of .the scanner 
coniroiler. It is output from the scanner controller to the G bus/B bus l/F unit (GBI). It is asserted for a clock of Bclk. It is 
sensed at a clock next to assertion of the sccRegReq_L signal. 

[0315] Signals sccRst1_L, sec byte En[7:0]. sccRead and sccDataln[63:0] are contained in the IF bus but not used 
55 In the scanner controller. 

[0316] FIGS. 62 and 63 are timing diagrams exemplifying timings of the signals which have been described above. 
FIG. 62 shows timings to read data out of the scanner controller 4302 for DMA transfer, whereas FIG. 63 shov^ 
timings to read or write data into or from 9)e interEsal register of the scanner controller 4302. 
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(Power management) 

[0317] In the scanner controller, power management Is performed by gate control of a video clock (SVCLK)- in 
accordance with settings in a scanner controller power management control register (0X18005000). A value of a PM 
^ state signal (sccPmState[1:0]) to be output .to a power management unit (PMU) 409 is determined by adding a state of 
sccDmaPmState[1:0] input from a G bus/B bus l/F unit 4301 A to a clock state. The sccPmState[1:0] is shown in FIG. 
64. 

[0318] In FIG. 64, the sccDmaPmState[1:0] indicates a power consumption state of a G bus/B bus interface GBI 
sec of the scanner. The GBI__scc has four power consumption states of 00 to 11. The state signal sccDmaPmState[1:0] 
is output from the GBI_scc to the scanner controller. 

[0319] Furthermore, the scanner controller has two consumption states which are indicated by an internal signal 
SPStat. 

[0320] The signal sccPmState[1:0] indicates a total condition consisting of a GBI_scc condition and a scanner 
controller condition. This signal is output to the power management unit of the system. That is, a power consumption 
state of the scanner controller is informed at four steps to the power management unit. The steps are indicated by 
15 the value of the signal sccPmState[1:0]. A value of 00 indicates a lowest level and each increment of 1 indicates a 
power consumption at a higher step. 

(Scanner controller core interface) 

[0321] FIG. 65 summarizes signals which are input and output between core portions including the blocks in the 
scanner controller 4302 described above and external buses and scanners. The scanner controller 4302 is connected 
to the system bus bridge 402 through the G bus, to the lO devices, power management unit and system bridge through 
the B bus, to the printer controller through the CP bus, and to the G bus/B bus l/F unit through the l/F bus as 

shown in FIG. 65. 

25 2.9.2. Printer Controller 

[0322] FIG. 66 shows a block diagram of the pirinter controller 4303. The printer controller is a block which is 
connected to the printer through the video l/F to interface v^th the G bus/B bus l/F unit The printer controller 
consists mainly of the blocks which are listed below: 

30 1 . Printer device l/F 6601 

[0323] This is an input/output port which performs signal input/output to or from a printer video l/F and an 
option controller l/F. 

2. Printer video clock unit 6602 

35 

[0324] This unit operates with a video clock of the printer. 

3. Printer image data FIFO controller 6603 • 
[0325] This controller controls an image data transfer FIFO. 

40 ' 

4. Printer controller control register unit 6604 

[0326] This is a register unit which controls the printer controller as a whole. 
^5 5. IRQ controller 6605 

[0327] This.controller controls an interrupt signal generated in the printer controller (Pre). 

6. Printer command/status control unit 6606 . 
50 [0328] This unit controls transmission and reception of command/status with the printer by way of a video l/F. 

7. Option controller control unit 6607 . 
[0329] This controller controls a printer option controller. 

55 8. FIFO (FIFO PRC) 6608 

[0330] This FIFO is used to output video data to the printer when the printer may be asynchronous from the viddo 
data. • - : :•: 
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[0331] « Five kinds of image data which is listed below is output to the printer: 



1. Coior many-valued data having 8 bits each in R, G and B (point sequential) 

2. 8-bit white-blacl< many-valued data 
3. 1-bit white-black binary data 

4. Color data having 1 bit each in C, M, Y and K (plane sequential) 

5. Color data having 8 bits each in C, M, Y and K (plane sequential) 



[0332] Now, description is made of each block which composes the printer controller. 
(1. Outline of printer device l/F] 

15 

[0333] FIG. 67 shows a block diagram of a printer device l/F 6601. This block is an input/output port which 
inputs and outputs signals into and from a printer video l/F and an option controller l/F. A signal VDInvet signal 
can determine whether or not levels of output signals P video R[7:0] and B[7:0] are to be inverted. 

[2. Outline of printer video clock unit] 

20 

[0334] FIG. 68 shows a block cfiagram of a printer video clock unit 6602. This block operates with a video clock 
from the printer and is composed of blocks which are described below: 

1. Printer video data mask 6801 (DFFSENMask) 

25 

[0335] This is a block which masks image data to the printer. Masked data has a value set in a register. 

2. Printer video synchronous control unit 6802 (Prc_sync unit) 

[0336] This is a block which generates a timing signal and the like for Image data output from a video clock, a 
30 VSYNC signal and a HSYNC signal from the printer It manages a horizontal data number, a vertical data number, a 
horizontal jine number and a vertical fine number of the image data. 

3. Printer video data width converter 6803 (pvdwconv) 

[0337] This is a block which converts image data sent in a 64-bit width from the l/F bus into RGB 24 bits, white- 
35 black 8 bits and white-black 1 bit dependently on a mode. A mode is set by a register. 

(Printer video data mask) 

[0338] FIG. 69 shows a block diagram of a printer video data mask 6801. This block masks image data to be 
output to the printer in a pixel unit Masked image data has a value set in the register (RDMaskr7:0]. GDMask[7:0], 
BDMask(7:01). 

(Printer video synchronous control unit) 

[0339] FIG. 70 shows a block diagram of a printer video synchronous control unit 6802. This block generates an 
^5 enable signal (VDOEN) for image data to be output and a signal (RREQ) which requests data to the printer image data 
transfer FIFO controller 6603 with a vertical synchronous signal (TOP), a horizontal synchronous signal (INPHSYNC) 
and an image data synchronous clock (GTVCLK) for image data to be output to the printer. 

[0340] Furthermore, this block manages a delay of the image data in a main scanning direction, a number of 
pixels to be acquired, a delay in a subsidiary scanning direction and a number of lines to be acquired. A line 
counter 7001 generates a status signal (PENDP) at a timing upon termination of output of a set amount of image data. 
50 Furthermore, the block generates a vertical synchronous signal (EH) for lines effective to output an image by 
managing the delay in the subsidiary. scanning direction and a number of output lines. A pixel counter 7002 manages a 
. delay of the image output in the main scanning direction and a number of output pixels. A page counter 7003 manages 
image data to be output in a page unit. It generates an end signal (ALLPEND) upon termination of output of the image 
data corresponding to a set number of pages. 

^ (Printer video data width converter) 

[0341] FIG. 71 shows a block diagram of a video data width converter 6803. This block is a unit which converts 
data having a width of 64 bits which is Input from the GBI (G bus/B Bus l/F) into the formatiof image data. It can 
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output three types of data: cofor image data having 8 bits each in R, G and B, 8-bit white-tlack many-valued image 
data and 1-bit white-blacic binaiy data. It supports outputs in two modes: one wherein the color image data having 8 
bits each in R, G and B is stored in a memory in a unit of 24 bits (24-bit mode) and the other wherein the color 
image data is stored in a unft of 32 bits with 1 byte data added to 24 bits (32-bit mode). Either of the mode is 
set by the printer, controller control register 6604. The three types of data is output to signal lines which are 
mentioned below: 

1. Color image data having 8 bits each in R, G and B ... IR[7:0],IG|7:0],IB[7:0] 

2. 8-bit white-black many-valued image data ... IR[7:0] 

3. 1-bit white-black binary image data ... IR 7 



[0342] 64-bit data is arranged in the memory as described below: 
15 1 . Color image data having 8 bits each in R, G and B (24-bit mode) 

R 8 bits of first pixel bits 63-56 
G 8 bits of first pixel bits 55-48 
B 8 bits of first pixel bits 47-40 
R 8 bits of second pix^ -> bits 39-32 
G 8 bits of second pixd bits 31-24 

25 

B 8 bits of second pix^ -> bits 23-16 

R 8 bits of third pixel bits 1 5-8 

G 8 bits of third pixel bits 7-0 
30 In this case, the image data is aranged in the memory as shown in FIG. 72. 

2. Color image data having 8 bits each in R, G and B (32-bit mode) 
R 8 bits of first pixel bits 63-56 

35 

. G 8 bits of first pixel bits 55-48 
B 8 bits of first pixel bits 47-40 
R 8 bits of second pix^ -> bits 31-24 
G 8 bits of second pixd -> bits 23-16 



B 8 bits of second pixel — > bits 1 5-8 
In this case, the image data is arranged in the memory as shown in FIG. 73. 



3. 8-bit write- black many-vafiued image data 
8 bits of first pixel -> bits 63-56 
8 bits of second pixel -> bits 55-48 
8 bits of third pixel bits 47-40 
8 bits of fourth pixel -> bits 39-32 
8 bits of fifth pixel ^ bits 31-24 
8 bits of sixth pixel bits 23-16 
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'8 bits of seventh pixel -> bits 1 5-8 

8 bits of eighth pixel bits 7-0 
In this case, the image data is arranged in the memory as shown in FiG. 74. 



4. 1-bitwhlte-blacl< binary Image data 
1 bit of first pixel -> bit 63 

10 

1 bit of second pixel bit 62 
1 bit of third pixels bit 61 
1 bit of fourth pixel -> bit 60 

f5 



1 bit of sixtieth pixel -> bit 4 
1 bit of sixty-first pixel bit 3 
1 bit of sixty-second pixel bit 2 
1 bit of sixth-third pixel bit 1 
1 bit of sixth-fourth pixel ^ bift 0 



30 [0343] In this case, the image date is arranged in the memory as shown in FIG, 75. 

[0344] Now, description will be msade of blocks which compose the printer video data width converter. 

(RGB out unit 7101) 

[0345] FIG. 76 shows a block dcagram of an RGB out unit 7101. This block is a unit which converts data having a 
width of 64 bits which is packed in the 24^bit mode into the color image data having 8 bits each in R, G and B. 

[3. Outline of printer image data transfer FIFO controller] 

[0346] FIG. 77 shows a block diagram of a printer image data transfer FIFO controller 6603. This controller 
40 consists of a FIFO which is a buffer to transfer image data to the printer by way of the GBI (G bus/B bus l/F) and a 
circuit which controls the FIFO. The controller comprises a FIFO 7701 which has a capacity of 512 bytes (64 bits_64) 
.A printer FIFO write/read arbiter 7702 controls data input into the FIFO while monitoring a full flag (FF) of the 
FIFO 7701. Data is output to the FIFO when the printer video clock unit 6602 issues a request signal (RREQ). 

[4. Printer controller control register unit] 

45 

[0347] FIG. 78 shows a blocfc diagram of a printer controller control register 6604. This block comprises 
registers which control internal members of the printer controller. The internal registers are: 

1 . Printer power management control register 

^ 2. Printer controller control register 

3. Printer controller interrupt factor status register 

4. Printer controller interrupt factor mask register . 

55 

5. Printer subsidiary scanning mask :Iine setting register 

6. Printer main scanning mask pixel number setting register 
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7. Printer subsidiary scanning line number setting register 

8. Printer subsidiary scanning line number counter read register 
^ 9. Printer main scanning pixel number setting register 

10. Printer main scanning pixel number counter read register 

11. Print page number setting register 

10 

12. Print page number counter read register 

13. Printer device control register 

14. Printer device status register 

15 

15. Printer serial command register 

16. Printer serial status register 

17. Option controller TX register 

18. Option controller RX register 

19. Printer video mask data register 

25 20. 4-gradation output level setting register 

21. 16-gradation output level setting register 1 

22. 16-gradation output level setting register 2 
30 23. 19-gradation output level setting register 3 

24. 1 degradation output level setting register 4 

2^ (5. IRQ controller] 

[0348] FIGS. 79 and 80 show block diagrams of an IRQ controller 6605. This block manages an interrupt signal 
v\^hich is generated in the printer controller. It causes an interrupt from an interrupt factor. The IRQ controller 
has a function to mask each interrupt factor and can ctear individually. Interrupt factors are: 

4Q 1 . Transfer end of all pages of image data (ALLPEnd) 

2. Transfer end of 1 page of image data (PageEncf) 

3. Reception end of 1 byte of serial status (INPSBSY) 

^ 4. Transmission end of 1 byte of serial command (EndCBSY) 

5. Rise of PPRDY signal (false ^ true) (INPPRDY) 

6. Fall of PPRDY signal (true -> false) (INPPRDY) 
^ 7. Rise of RDY signal (false true) (INRDY) 

8. Fall of RDY signal (true ^ false) (INRDY) 

9. Rise of PFED signal (false true) (INPFED) 

55 

10. Fall of PFED signal (true -> false) (INPFED) . * • 

1 1 . Rise of SPCHG signal (false -> true) (INSPCHG) 
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12. Fall of SPCHG signal (true ^ false) (INSPCHG) 

13. Rise of PDLV signal (false ^ true) (INPDLV) 
^ 14. Fall of PDLV signal (true false) (INPDLV) 

1 5. Rise of TOPR signal (false true) (INTOPR) 

1 6. Fall of TOPR signal (true ^ false) (INTOPR) 

10 

17. Rise of CCRT signal (false -> true) (INCCRT) 

18. Fall of CCRT signal (true -> false) (INCCRT) 

19. Rise of VSREQ signal (false -> true) (INPVSYNC) 

15 

20. Fall of VSREQ signal (true ^ false) (INPVSYNC) 

21. TX transmission & RX reception end of option controller 

_ 22. Rise of EMPTY signal from image data transfer FIFO 

20 

23. Fall of EMPTY signal from image data transfer FIFO 

24. Rise of FULL signal from image data transfer FIFO 
25 25. Fall of FULL signal from image data transfer FIFO 

26. Over-read occurrence in image data transfer FIFO (EERDOut) 



[0349] Flag information (PCIRQ[31:6]) corresponding to the interrupt factor mentioned above is output to the 
30 printer controller control register 6604. From the printer controller control register 6604, a mask bit (PCIMask[31:6]) 
and a clear signal (PCICLRP[31:6]) corresponding to the interrupt factor are input. A logical sum of the interrupt 
factor is output to intPrc. 

[6. Printer command/status control unit] 

^ [0350] FIG. 81 shows a block diagram of the printer command/status control unit 6606. This is a block 
which transmits and receives serial commands/istatuses for controlling the printer. 

[0351] Generated as the serial commands are an INPCBSY signal which represents a period of command 
transmission, an INPCCLK signal which is a synchronous clock of the serial command and a serial command 
INPSRCMD signal. 

40 [0352] As the serial statuses, an INPSBSY signal whith represents a period of status transmission and a serial 
status INPSRSTS signal are input to ou^ut a 8-bit status PSRSTAT[7:0]. An INPPCLK signal output from the printer or 
a PCCLK signal generated by the printer command/status control unit is selectable as a synchronous clock for 
inputting the serial status. Selection is made by a PSRCLKMode signal. 

[7. Option controller control unit] 

45 

[0353] FIG. 82 shows a block diagram of the option controller control unit 6607. This unit is a block which 
outputs transmission data (TX) to an option controller It generates an INSTROBE signal, an INCKEN signal and a 
CLK(OPCLK) signal for TX transmission. Furthermore, this unit executes reception of reception data (RX) 
simultaneously with TX transmission. 

^ (prclF-bus) 

[0354] A prclF-bus is a local bus which connects the G bus/B bus l/F unit 4301 B to the printer controller 4303. 
Signals contained in this bus are described below. Signals which are output from the printer controller to the G 
bus/B bus l/F unit (GBI) are designated by OUT and signals which are input from the G bus/B bus l/F unit (GBI) into 
55 the printer controller are designated by IN. Since an IF-bus has specifications which are the same for both the 
scantier controller and the printer controller, description will be made also of signals for functions which are not 
supported by the printer controller. 
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• prcRstO„L; IN 

[0355] This signal is used to return an internal FIFO of the printer controller to its initial state. 
■ prcDataln[63:0]: IN 

[0356] This is a 64-bit data bus which is output from the G bus/B bus l/F unit (GBI) to the printer controller. 
Image data is transferred when the printer controller operates to transfer data. 

• prcRead: OUT 



[0357] This is a read signal which is transmitted from the G bus/B bus l/F unit (GBI) when the printer 
controller operates to transfer data. At rise of Bclk for which the prcRead signal is asserted, the G bus/B bus l/F 
15 unit (GBI) validates the prcDataln[63:0]. Data can be read in 1 clock unit by keeping the prcRead signal asserted. 

• prcReadEnable: IN 

[0358] This is a signal which indicates granting of data read from the G bus/B bus l/F unit (GBI) when the 
20 printer controller is operating to transfer data. This signal is output from the G bus/B bus l/F unit (GBI). The 
signal indicates that data can be read at rise of a next clock if the prcReadEnable signal is asserted. Assertion of 
the prcRead signal is made by confirming the prcReadEnable signal. 



• prcRegAddr[31:2]: IN 

[0359] This is a register address bus which is used to make access from the G bus/B bus i/F unit (GBI) to an 
internal register of the printer controller. This bus becomes valid upon assertion of the prcRegStart_L and is kept 
valid till response with the prcRegAck_L signal if access is made to an internal register of the scanner controller. 

• prcRegbyteEn[3:0]: IN 



[0360] This is a byte enable signal for prcRegDataln[31:0] output from the G bus/B bus l/F unit (GBI). This 
signal becomes valid upon assertion of the prcRegStart_L and is kept valid till response with the prcRegAck L 
signal. Only a valid byte indicated by this signal is written into a register. At a stage to read data out of an 
35 internal register, this signal is ignored and all bytes are output. Bits of this signal correspond to bytes of 
prcRegDataln[31:0] as listed below: 



prcRegbyteEn j 3 2 1 0 

prcRegPataln j [31:24] [25:16] [15:8] [7:0] 



• prcRegStart_L: IN 

[0361] This is an access request signal which indicates access from the G bus/B bus l/F unit (GBI) to the 
internal register of the printer controller. The signal indicates an access request to the register when it is set 
at "Low." It is asserted for 1 clock of Bclk together with the prcRegAddr[31:2] signal and the prcRegRdNotWr signal. 
Assertion of next access is not granted till the printer controller returns the prcRegAck_L to this access. 

• prcRegDataOut[31:0]: OUT 

[0362] This is a 32-bit data bus which is used to make read access from the G bus/B bus l/F unit (GBI) to the 
internal register of the printer controller. It is valid when the prcRegAck_L signal is asserted. 



55 



prcRegDataln[31:0]: IN 
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[0363] This ts a 32-bit data bus which is used to make write access from the G bus/B bus l/F unit (GBI) to the 
internal register of the printer controller. It becomes valid upon assertion of the prcRegStart_L and is kept valid 
till response with the prcRegAck.L signal if access is made to the internal register of the printer controller. 

• prcRegRdNotWr: IN 



[0364] This is a signal which indicates an access direction (read or write) from the G bus/B bus l/F unit (GBI) 
to the internal register of the printer controller. Contents of the internal register of the printer controller are 
read out to the prcRegOut[31:0] when this signal is set at "High" and contents of the prcRegDataln[31:0] are written 
into the internal register of the printer controller when the signal is set at "Low." The signal becomes valid upon 
assertion of prcRegStart_L and is kept valid till response with the prcRegAck_L signal when access is made to the 
internal register of the printer controller. 

• prcRegAck_L: OUT 



[0365] This is a signal which indicates completion of access to the internal register of the printer controller. 
This signal is output from the printer controller to the G bus/B bus l/F unit (GBI). It Is asserted for 1 clock of 
BCIk. The signal is sensed at a clock next to assertion of the prcRegStart_L signal. 

[0366] Signals prcReqO_L, pre byte En[7:0], prcWrite, prcDataOut[63:0] and prcReadEnable are not used in the 
printer controller. 

20 [0367] FIGS- 83 and 84 are timing diagrams exemplifying timings of the signals described above. FIG. 83 shows 
timings for DMA transfer of data to the printer controller 4303, whereas FIG. 84 shov/s timings for read or write 
from or into the internal register of the printer controller 4303. 

(Power management) ... 

25 

[0368] In the printer controller, gates of video clocks (VCLK) are controlled according to settings in a printer 
controller power management control register (0X1B007000), thereby performing power management. A value of a PM 
state signal (prcPmState[1:0]) to be output to the power management unit (PMU) 409 is determined by adding a state 
of prcDmaPmState[1:0] input from the G bus/B bus l/F unit 4301 B to a clock state. The prcPmState[1:0] is shown in 

FIG. 85. 

30 [0369] In FIG. 85, the prcDmaPmState[1:0] Indicates a power consumption state of a G bus/B bus interface 
GBLprc of the printer. The GBI_prc has power consumption states at four steps of 00 to 11. This state signal 
prcDmaPmState[1 :0] is output from the GBLprc to the printer controller. 

[0370] Furthermore, the printer controller has power consumption states at two steps which are indicated by an 
internal signal PPStat. 

2^ [0371] The agna! prcPmstate[1:0] indicates a state which is composed of a state of the GBI_prc and that of the 
printer controller. This signal is output to the power management unit of the system. That is, the power consumption 
states of the printer controller at the four steps are informed to the power management unit. The steps are 
represented by values of the signal prcPmstate [1 :0]. A value of 00 represents a lowest level and each increment of 
1 designates a higher power consumption. 

40 2.9.3. G bus/B Bus l/F Unit (GBI) 

[0372] FIG. 92 shows a block diagram of the G bus/B bus l/F unit 4301. The G bus/B bus l/F unit is prepared for 
each of the scanner and the printer and has a configuration which is described below: 

[0373] . In FIG. 92, the GBI 4301 comprises a G bus controller which is connected to a G bus for its control and a 
B bus controller which is connected to a B bus for its control. Comprised between these buses are not only a DMA 
controller 9205 which controls a DMA address but also a FIFO 9204 which is used for data transfer between a 
functional block and the G bus/B bus, and a register unit 9206 into which various set values are written. Out of 
these members, ttie G bus controller and the FIFO 9204 operate with clocks at 100 MHz in synchronization with the G 
bus, whereas other blocks operate at 50 MHz in synchronization with the B bus. 

[0374] The GBI 4301 provides selective connection to the G bus or the B bus and a G bus/B bus interface for 
^ functional blocks (SCC: scanner controller and PRC: printer controller) which are to be connected to both the G bus 
and the-B bus. The GBI is connected to each functional block with an IF bus 9201. It is unnecessary for the 
functional block to be aware of whether data is to be input or output to the G bus or the B bus. Since DMA is 
supported by the GBI, it is neither necessary for the functional block to generates an address. The GBI is 
configured as an independent unit by collecting functions which are necessary commonly for the functional blocks. 
[0375] : ' A functional block which is connected to the IF bus 9201 supported by the GBI- receives or sends out data 
.55 continuously. The IF bus does not contain an address signal. The GBI 4301 prepares two channels: channel OJG bus/B 
bus IF'bus 0) and channel 1 (G bus/B bus -> IF bus 1) to which DMA controllers are prepared respectively/IHowever, 
the scanner controller uses (mounts) only the channel 0 and the printer controller uses (mounts) only the channel 1 . 
[0376] A DMA controller 9205 is capable of setting data into an I/O (having fixed address) and a memory, and 
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setting DMA in a continuous physical address mode and a chain table mode (described later) in case of the memory. 
[0377] The GBI 4301 inputs and outputs data into and from the functional block by way of the FIFO. Accordingly, 
an access is made to the same location of an address of the GBI only with 0x18n0_0000 - 0x18n0_007F on a side of 
the G bus and Ox19nO_0000 - Ox19nO_001F on a side of the B bus when the GBI operates in a slave mode. Since the 
GBI 4301 uses the FIFO, it can hardly respond to a laparound during burst transfer. The GBI responds to a burst 
transfer request foBowed by a laparound of the B bus as a single access. It does not respond to a transfer request 
which is accompanied by a laparound of the G bus. 

[0378] For a DMA transfer of image data between the two GBIs, these units are controlled by their DMA 
controllers respectively. Though either of the GBIs rs not specified as a master in particular, it is desirable to 
select as a master a GBI whichever transfers data at a stricter timing. Therefore, a GB!_PRC is selected as a master 
io and GBI_SCC is selected as a slave in this embodiment 
[0379] A GBI (G bus/B bus interface) is composed of: 

1 . Fife unit which delivers data to and from the functional block 

2. G bus controller 9202 which is connected directly to the G bus to connect the G bus to the Fifo unit. 

15 

3. B bus controller 9203 which is connected directly to the B bus to connect the B bus to the Fifo unit. 

4. DMA controfler 9205 which Issues a DMA transfer request to each bus controller in the master mode, 
20 5. Register unit 9206 which holds contents of a register to send a signal to each block. 

The register unit contains an interrupt controller and a power controller. Each of the members will be described below. 
<Fifo unit> 

25 [0380] The Frfo unit shown in FIG. 93 is a member which functions as a buffer for data transferred between the G 
bus/B bus and the IF bus. The Fifo unit is composed of a FIFO unit 0 and a FIFO unit 1 which are independent of each 
other. The Fifo unit 0 is used to input data from the IF bus or output data to the G bus or the B bus, whereas the Fifo 
unit 1 Is used to input data from the G bus or the B bus, or output data to the IF bus. 

[0381] A signal scGbiFifoOCIk or scGbiFifolClk is a gated clock which realizes a power saving mode by stopping a 
clock. This clock is stopped by writing a GBI FIFO register and automatically starts when a master mode or a slave 
mode is to be started. 

[Fifo unit 0] 

[0382] The Fifo unit 0 writes data from an IF bus 0 (specifications for the IF bus are described later) into 
Fifo and sends it to the G bus/B bus. Signals ifDataOutB[63:0], ifWriteB and ifWriteEnableG are connected to the IF 
^ bus. 

[0383] The Fifo 0 of the Fifo unit 0 receives 64-bit data as an input from the IF bus, and outputs 64-bit data 
DataOut64 for the G bus and 32-bit data DataOut32 for the B bus. 
[0384] Status signals which are output from the Fifo unit 0 are: 

40 • FifoOEnableBlG: Indicates that 1 word can be transferred from the Fifo 0 unit to the B bus. This signal is used 
by the DMA controller In the master mode or by the B bus conti'oller in the slave mode. 

• FifoOEnableB4G: Indicates that 4 words can be transferred successively from the Fifo 0 unit to the B bus. This 
signal is used by the DMA controller in the master mode or by the B bus controller in the slave mode. 

• FifoOEnableBBG: Indicates that 8 words can be transferred successively from the Fifo 0 unit to the B bus. This 
signal is used by the DMA controller in the master mode or by the B bus controller in the slave mode. 

■ FifoOEnableG4G; Indicates that 4 words can be transferred successively from the Fifo 0 unit to the G bus (1 word 
consists of 64 bits). This signal is used by the DMA controller in the master mode or by the G bus controller in 
the slave mode. 

50 • . 

■ FifoOEnableG16G: Indicates that 16 words can be transferred successively from the Fifo 0 unit to the G bus. This 
signal is used by the DMA controller in the master mode or by the G bus controller in the slave mode. 

• .. ifWriteEnable: Indicates . that the Fifo 0 is not in a full state. This signal is connected to the IF bus to inform 

that data can be written into the functional block. 



[0385] Furthermore, a signal Rd64 input into the Fifo 0 Is used to read 64-bit G-bus data from the Fifo 0 and a 
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signal Rd32 is used to read 32-bit B-bus data. The status signal and DataOut64 or DataOut32 output from the Fifo 0 
are updated by reading the 64-bit data or the 32-bit data. 

(B2G blocl<) 

5 [0386] Clocks of the l/F Ibus and B bus are at 50 MHz, whereas a clock of the G bus is at 100 MHz. Accordingly, a 
B2G block (not shown) vj^ich is contained in the Fifo unit 0 converts a clock of a write signal ifWrirePifoB 
synchronized with the IF bus dock or a read signal bReadFifoB synchronized with the B bus clock into a clock (at a 
frequency twice as high as ttet of the IF bus) of the Fifo unit. 

(Chklllegal block) 

[0387] The Fifo 0 is cotrnmunized by the G bus/B bus. Though the DMA controller controls exclusive use of the G 
bus/B bus in the master made, the DMA master must control the exclusive use in the slave mode. For this purpose, a 
Chklllegal block which is comprised in the Fifo unit 0 asserts a signal fifoErrorG when accesses are made to the 
Fifo 0 simultaneously from tfce G bus and the B bus. That is, when a read signal gReadFisoG from the G bus and a read 
15 signal bReadFisoB from the B bus are asserted simultaneously, the Chklllegal block asserts the signal fifoErrorG. 
This signal is latched by the register unit and causes an interrupt if it is not masked. 

[Fifo unit 1] 

[0388] The Fifo unit t ^writes data from the G bus/B bus into a FIFO 1 built therein and sends it out to an IF 
20 bus 1. ifDatalng[63:0], ifByt^nG[7:0], ifReadB and IfReadEnableG are connected to the IF bus. 

[0389] In order to con:espond to a DMA in a reverse direction in the master mode, the Fifo unit 1 comprises a 
front buffer disposed at its front stage. When the DMA is in the reverse direction (input signal reverse Mode is 
enable), data is buffered once into the front buffer and then sent out in a reverse sequence to a FIFO. In another mode 
„. . (signal reverse MODE is disable), the Fifo unit 1 functions as an ordinary FIFO. 

(Front buffer) 

[0390] The front buffer is a buffer having 64 + bits_4 stages with byte enable which receives data from the G 
bus or the B bus as its input and outputs the data to the Fifo 1. When write is made from the B bus, the data is 
written together with a byfte enable signal. By write from the G bus, the data is written by validating all byte 
3^ enables. The data is not padked into 64 bits for write from B bus. 

[0391] Provided as a sftatus signal is a signal Buf Empty which indicates the front buffer is empty. For the DMA 
in the reverse direction, the signal reverseMode is enable and the DMA controller limits a transfer mode only to the 
4-beat burst transfer of tbe G bus or the single transfer of the B bus. Data transferred by the 4-beat burst 
transfer of the G bus is slored once into the front buffer and sent out to the Fifo 1 in the reverse sequence 
(reversed in a 32-bit unit). 

35 {0392] In another modte, the signal reverseMode is disable and the front buffer functions as a FIFO having four 
stages. An input signal duimmyWriteFffolB is once latched and then is sent to the Fifo 1 when the front buffer 
becomes empty. 

(Fifo 1) 

^ [0393] The Fifo 1 is a FIFO having 64 + 8 bits_16 stages with a byte enable which receives data from the front 
buffer as its input and outgMits the data to the IF bus. Data from the B bus is written together with a byte enable 
signal. Data from the G bus ris v/ritten with all byte enables validated. Data from the 8 bus is packed into the 64 bits 
for write. 

[0394] On the basis df internal states of the Fifo 1 and a BufEmpty signal of the front buffer, the following 
45 Status signals are prepared: 

• Fifo1EnableB1G: Indicafees that 2 words (32 bits) can be transferred from the B bus to the Fifo unit 1. This 
signal is enabled when the Fifo 1 has an empty area for 1 or more BBus words, or when the front buffer is empty. 

• Fifo1EnableB4G: Indicates that 8 words can be transferred successively from the B bus to the Fifo unit 1. This 
50 signal is enabled when tfne Fifo 1 has an empty area for 4 or more BBus words, or when the front buffer is empty. 

• Fifo1EnableB8G: Indicates that 12 words can be transferred successively from the B bus to the Fifo unit 1. This 
signal is enabled when the Fifo 1 has an empty area for 8 or more BBus words, or when the Fifo 1 has an empty 
area for 4 or more BBus words and when the front buffer is empty. 

55 . Fifo1EnableG4G: IndiccEBes that 4 words (1 word consist of 64 bits) can be transferred successively from the G 
bus to the Fifo unit 1. Tihis signal is enabled when the Fifo 1 has an empty area for 4 or more GBus words, or 
when the front buffer is empty. 
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• Fifb1EnableG16G: Indicates .that 16 words can be transferred successively from the G bus to the Fifo Dnit 1. This 
signal is enabled when the Fifo 1 is empty or has an empty area for 12 or more GBus words and when the front 
buffer is empty. 

- ifReadEnatrie: Indicate that the Fifo 1 is not «mpty. This signal is connected to the IF bus to inform that read 
to ebe functional block is enabled. 



[03951 The signals FifolEnableBIG. Fifo1EnableB4G and FifolEnableBSG are used by the DMA controller in the 
master mode or by the B bus controller in the stave mode. 

[03961 The signals Fifo1EnableG4G and Fflfb1EnableG16G are used by the DMA controller in the master mode or 
by the G bus controller in the slave mode. 

[03971 Furthermore, the Fifo unit 1 comprises, -like the Fifo unit 0, the B2G block and the Chklllegal block. 
<G bus controfler> 

15 [0398] FIG. 94 shows a block diagram of t&ne G bus controller 9202. The G bus controller 9202 comprises a G bus 
master controfler which controls the G bus usffag the GBI as a bus master, a G bus slave controller which controls 
the G bus when the GBI Is selected as a slave, a G bus data controller which controls data and a G bus interface 
buffer. Owing to this configuration, the GBI 430t 'is capable of operating as a master or a slave of the G bus. 

[Oper^ons of G bus master] 

20 

[0399] Tfie G bus controller which uses a G ;bus master controller as a G bus master controls the G bus in the 
processes described below: 

1. Recjuest from DMA controller ' _ . . _ . 

25 

[0400] At a stage where transfer through a channel N is enabled, the DMA controller 9205 requests DMA transfer 
• by asserting a gMReq(N) signal together with a gMAddr (N)[31:5] signal and a gMBst4Not16_N signal vwth bClk (a B 
bus dock signal) for a clock. 

[0401] The gMAddr (N)[31:5] signal and tbe gMBst4Not!6_N signal must not be changed until any of gMDone(N) 
signal, gMRtry(N) signal and gMBErr(N) signal lis asserted by the G bus master controller. 

30 

2. Transfer request to G bus arbiter 

[0402|. A gMReq(N) signal is latched by a G tous master request interface (gLatchReq(N) signal). 
[0403] A gLatchReq signal in each chaniniel which is arbitrated by a G bus master request arbiter (not shown) 
asserts a DMA request signal gReq_L for the <G bus arbiter 406 and transmits a glntReq(N) signal to a G bus master 
^ address phase. 

3. Transfer grant from G bus arbiter 

[0404] When a gGnt_L signal which is a DMA grant signal from the G bus arbiter 406 is asserted, a signal 
^ GOntSense is asserted and the DMArequest signal gReq_L is negated from the G bus master address phase. 
Simultaneously, the gLatchReq (N) signal and the glntReq(N) signal are negated. The G bus master request interface 
monitors a signal gSlvBsy and asserts a GMDaaaRq(N) signal when a data bus becomes usable. This signal is sent to 
G bus master generate end data and a G bus diata controller. 

4. G bus data transfer 

45 

[0405] The G bus starts data transfer wt^en it confirms the gAack signal of a slave. G bus signals other than 
EndData are generated by the G bus master adidress phase. The EndData is generated G bus by master generate end 
data. Data is moved from the G bus to the FWo or from the Fifo to the G bus by the G bus data controller v^th a 
GMDataRq(N) signal. When a gRtry signal is detected before the gAack signal, the G bus data controller does not 
transfer data. 

50 

5. End (or Retry) of G bus data transfer. 

[0406] The G bus master generate end data informs an end of the G bus data transfer to the G bus master request 
interface with a checkBErr signal. Upon reception of this signal, the G bus master request interface clears a 
request held therein and asserts the gMDone ^nal if no bus error is made. When a bus error is detected, the G bus 
^ master -request interface asserts the gMBErr signaal to inform the end of transfer to the DMA controller 9205. 

[0407] When the gRtry signal is detected, the G bus master reqeust interface clear the request held therein and 
asserts the gMRtry signal. 
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[0408] When a signal received from the G bus controller 9202 is the gMDone signal, the DMA controller 9205 
updates a transfer address, a transfer length and so on. When the received signal is the gMRtry signal, thef DMA " 
controller does not update the transfer address, etc., but starts a next action. When the gMBErr signal is received, 
the DMA controller 9205 Intercepts the transfer and generates an interrupt if it is not masked. 

^ [G bus slave operation] 

[0409] The G bus controller which uses a G bus slave controller as a G bus slave controls in the processes 
described be\o\N: 

1 . Transfer request from master 

[0410] A G bus slave request interface confirms a gAddrReg signal and a gRdNotWrReg signal (channel 0 or 1) at 
a timing to assert a gTsReg signal. If a gSEnable(N) signal (slave mode: set by a register) is asserted by an access 
to the GBI, the G bus slave request Interface judges whether or not transfer is possible from a gBst4Notl6. signal 
and a ReadFifoEnable4/16 signal (channel 0) or a WriteFifoEnable4/16 signal (channel 1). If possible, the G bus slave 
f5 request interface asserts the gAack signal or othen/vise. it asserts the gRtry signal. 

2. G bus data transfer 

[0411] When data transfer is enabled, the G bus slave request interface confirms negation of the gSlvBsy signal, 
asserts the gAack signal and informs its timing to G bus slave request slave busy with the GSIvStart signal. 
20 Furthermore, the G bus slave request interface informs a start of data transfer to the G bus data controller by 
asserting the GSDataRq(N) signal. The G bus data controller moves data from the G bus to the Fifo or from the Fifo 
to the G bus. The G bus slave request slave busy generates a gSlvBsy signal. 

3. G bus data transfer end 

25 [0412] No signal is prepared in particular to indicate a transfer end. The gBErr signal is not asserted. When 
the gSEnabie(N) signal has been negated, hovyever, a bus error occurs due to time-out since no response Is made to 
an access from the master. 

<B Bus controller> 

30 

[0413] FIG. 95 shows a block diagram of the B bus controller 9203. The B bus controller 9203 comprises a B bus 
master controller,- a B bus data, controller, a B bus slave controller and a B bus interface, buffer. This 
configuration allows the GBI 4301 to operate as a master or a slave of the B bus. 

[B bus master operation] 

35 

1 . Request from DMA controller 

[0414] When data transfer through the channel N becomes possible, the DMA controller 9205 asserts a bMReq(N) 
signal together with a bMAddr(N)[31:2] signal,. bMBurstSn) signal and bMBstNot8_N signal for a clock vy^th a B bus 
clock signal bCLk. Furthermore, at a stage to require read of a chain table in a chain DMA mode, the DMA controller 
40 9205 asserts a cMReq(N) signal together with a cMAddr(N)[31:2] signal with the bClk for a clock. The DMA controller 
9205 does not use B bus burst transfer to read the chain table. DMA transfer of the B bus is required from the DMA 
controller through these processes. 

[0415] The bMAddr(N)[31:2] signal, bMBurst(N) signal and bMBst4Not8_N signal must not be chaged until access 
to the Fifo is started (bReadFifo and bWrireFifo are asserted). 

[0416] The cMAddr(N) [31:2] signal must not either be changed until the cMDone(N) signal, cMrtry(N) signal or 
cMBErr(N) signal is asserted. 

2. Transfer request to B bus arbiter 

[0417] The BBusbMReq(N) signal and cMReq(N) signal are latched by the B bus master request interface 
50 (bLatchReq(N) signal and cLatchReq(N) signal). Each request signal is arbitrated by the B bus master request arbiter 
and a bBReq^L signal is asserted for the B bus arbiter 407. 

3. Transfer grant from B bus arbiter 

[0418] When the bBGnt_L signal which is a grant signal from the B bus arbiter is asserted, a B bus master " 
55 request arbiter transmits a BGnt(N) signal or a CGnt(N) signal to a B bus master request interface which is a 
corresponding request source to negate a bBGnt_L signal. The B bus master request interface negates the 
bLatchReq(N) signal or the cLatchReq(N) signal, monitors a bTx signal and a bSnoopWait signal, and asserts a 
BMDataRq(N) signal and a CMDataRq(N) signal when a state is that transfer Is possible. These signals are sent to the 
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B bus master sequencer and the B bus data controller. 

4. B bus data transfer 

[0419] A 8 bus master sequencer generates all B bus signals other than data to be driven by the B bus master 
^ The B bus master sequencer triggers the BMDataRq(N) signal or the CMDataRq(N) signal, asserts bStartOut_L (and 
bBurstOut_L at the same time In the burst mode) and checks bRdy (or bBurstAck in the burst mode), thereby detecting 
a transfer end. The B bus data controller transfers data from the B bus to the Fifo or from the Fifo to the B bus 
with the BMDataRq(N) signal. 

[0420] When the bR retry signal Is detected before (or simultaneously with) the bRdy signal, the B bus data 
controller does not transfer data. 

5. B bus data transfer end (or retry, bus error) 

[0421] The B bus data controller terminates the data transfer by a BMLastData signal from the B bus master 
sequencer. Furthermore, the B bus master sequencer informs the data transfer end to the B bus request interface with 
15 a Done signal. In case of a retry or a bus error, the B bus master sequencer informs with a retry signal or an Error 
signal. The B bus master request interface informs the transfer end, retry or bus error to the DMA controller with 
[bc]MDone(N) signal (either b or c will hereinafter be represented as [be]), a [bc]MRtry (N) signal or a [bc]IVIBErr 
signal respectively. 

[0422] The DMA controller updates a transfer address, a transfer length and so on with signals bReadFifo and 
bWriteFifo, and starts a next action with a bMDone (N) signal or a bMRtry(N) signal which indicates a DMA B bus 
transfer end. A cMDone(N) signal which indicates readend of the chain table updates an Internal chain table and 
Issues a transfer request once again with the cMRtry(N) signal. 

[0423] In case of a [bc]MBErr(N) signal, the DMA controller intercepts the transfer and generates an Interrupt 

if it is not masked. 

25 (Retry in burst mode) 

[0424] When the slave responds by asserting the signal bRdy L and the signal bBurstAck_L at the same time 
v\rtthout asserting the signal bRetry_L to simultaneous assertion of the signal bStart_L and the signal bBurst_L, the 
slave Is judged as ready for a burst transfer. During the burst transfer, the signal bRetry_L is not checked. In 
other words, the signal bRetry_L is checked only at a timing of a first bRdy_L. Even during the burst transfer, the 
30 signal bError_L is checked at every clock. 

(Simultaneous assertion of signals bError_L, bRetry_L and bRdy_L) 

[0425] Assertion of the signal bError_L is regarded as a bus error even when the signal bRetry_L Is asserted. 
Negation of the signal bError_L and assertion of the signal bRetry L Is regarded as a retry even when the signal 
35 bRdy_L is asserted. 

(Signal byteEn_L[3:0] in master mode) 

[0426] In tiie master mode, the signal byteEn_i43:0] is always set at "0000" except for last transfer for the 
^ single access or the burst access. 

[B bus slave operation (except operation for register access)] 

1 . Transfer request from master 

^ [0427] The B bus master sequencer confirms the bAddr and bWr_L signals (channekO or 1 ) at a timing of assertion 
of the bStart_L signal. When a bSEnable(N) signal is asserted (slave mode: set by a register) for access to the GBI, 
the B bus master sequencer judges whether or not transfer is possible from a bBurstShortNotLong signal (only when 
the bBurst^L signal is asserted) and a ReadFifoEnablel/4/8 signal (channel 0) or a WriteFifoEnablet/4/8 signal 
(channel 1). When transfer is possible, the B bus master sequencer asserts the bRdyOut_L signal (and the 
bBusrtAckOut_L signal in the burst mode) or othehMse. it asserts the bRetryOut_L signal. 

50 [0428] When the burst ti-ansfer is impossible due to a Fifo state but the single transfer is possible in 
correspondence to the burst mode request (assertion of the bBurst_L signal) from the master, only the bRdyOut_L 
signal is asserted and \he single transfer is executed. When the burst mode request from the master generates a lap 
around, the GBI does not correspond the lap around and the single transfer is executed if possible (the 
bBurstAckOut_L signal is not asserted). 

^ 2. B bus data transfer 

[0429] As long as transfer is possible, the B bus master sequencer asserts the bRdyOut_L signal continuously for 
a required number of clocks. In case of the burst transfer, it asserts the bBurstAckOut_L signal for a B bus clock 
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at a timing of assertion of a first bRdyOut_L signal. The B bus master sequencer informs a data transfer start and a • 

• data transfer end to the B bus data controller with a BSDataRq(N) signal and a bMLastData signal respectively. The B 
bus data controller transfers data from the B bus to the Fifo or from the Fifo to the B bus. 

3. B bus data transfer end 

5 

[0430] No signal Is prepared In particular to indicate a transfer end. Either, the bErrorOut__L signal is not 
asserted. When the bSEnabie(N) signal is negated, however, the B bus master sequencer does not respond to access 
and a bus error Is generated due to time-out. 

[B bus slave operation (register access] 

[0431] Accesses to the GBI and registers In the functional blocks are made from the B bus. An access to the 
register can be made at any time regardless of a mode or a status of the GBI. It is unnecessary to assert the 
bRetryOut_L signal or the bErrorOut_L signal. The B bus slave sequencer always responds with the single transfer to 
a request of the burst mode request from a master (does not assert the bBurstAckOut_L signal). 

15 [0432] The register controller 9206 senses the regStart^L, regAddr[31:2], byteEnln[3:0] and regWr_L signals (B 
bus signals tapped by the B bus clock), writes data of the bDataln[31:0] signal when data Is to be written into a 
register and asserts an Ack signal (regGbiAck_L In the GBI or reglfAck L in the IF bus). When data is to be read out 
from a register, the B bus slave sequencer set data in an internal bus (regGblDataOut[31:0] in the GBI or 
regtfDataOut[31:0] In the IF bus) and asserts an Ack signal (regGbiAck_L in the GBI or reglfAck_L In the IF bus). 
[0433] The Bbus slave sequencer generates bRdyOut_L from the Ack signal with a B bus slave generate ready 

20 block. 

(Cycles of B bus for operation other than access to GBI register) 

• [0434] In the slave mode of the GBI, a cycle for the single transfer is always 3B bus clock. The burst transfer - 
25 asserts a first bRdyOut_L signal at a timing which is the same as that for the single transfer and keeps it asserted 

for a required number of clocks without negating the signal. When transfer (single transfer and burst transfer) is 
Impossible, it asserts only bRetryOut_L at a timing to assert the first bRdyOut_L 

(B bus slave generate ready block) 

30 [0435] The B bus slave generate ready block ORs and taps with clocks a ChannelRdy L signal from the B bus 
slave sequencer, a regGbiAck L signal from the GBI register unit and a reglfAck L signal from the functional block 

(IF bus). 

<1F bus interface> 

35 [0436] An IF bus is a simple bus which connects the GBI to the functional block. It uses a clock of bClk (50 MHz) 
. An input signal means herein a signal sent in a direction from the functional block to the GBI. No two-way signal 
is used. IF bus signals will be described below. A suffix "_L" of a signal name represents low active. This suffix- 
is used commonly to the signal names which have already been described above. In practical Implementation 'T in 
the signal names is to be replaced with a name of a functional block. 

^ ' ifRstO_L (channel 0) or ifRst1_L (channel 1) (output) 



[0437] This Is an IF bus reset signal. This signal returns the IF bus to Its initial state. The signal is 
asserted by an internal register of the GBI. It Is always asserted prior to data transfer between the GBI and the 
functional block. 

• ifDataOutB[63:0] (input: channel 0 only) 



[0438] This is a data signal from the functional block to the GBI. This signal is connected to the Fifo unit 0 
50 (see FIG. 93). 

• ifWriteB (input channel 0 only) 

[0439] This is a write signal from the functional block to the GBI. The GBI writes lfDataOutt63:0] at rise of' 
55 ifClk for which the ifWrite signal is asserted. Data can be written in a'^ clock unit when IfWrireB signal is 
asserted continuously. This signal is connected to the Fifo unit 0 (see FIG. 93). 

• ifWriteEnableG (output: channel 0 only) 
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10 



[044O] This is a write grant signal from the functional block to the GBI. The ifWriteEnableG signal which is 
asserted at rise of ifClk indicates that write is possible at rise of a next clock. An ifWriteB signal is asserted 
by confirming the ifWriteEnableG signal. This signal is output from the Fifo unit 0. 

• ifDatalnG[63:0] or ifByteEnG[7;0] (output: channel 1 only) This signal is a data signal or a byte enable signal from 
the GBI to the functional block. This signal is connected to the Fifo unit 1. Correspondence between each digit 
of the ifByteEnG[7:0] signal and each byte unit of the ifDatalnG[63:0] signal Is listed in Table 8: 

[Table 8] 



ifByteEn 


7654321 














0 


IfDataIn 


63:56 


55:48 


47:40 


39:32 


31:24 


23:16 


15:8 


7:0 



15 



20 



• ifRead (input: channel 1 only) 

[0441] This is a read signal from the GBI to the functional block. The GBI outputs IfDatalnG [63:0] and 
ifByteEnG[7:0] at rise of ifClk for which the ifRead signal is asserted. Continuous assertion of the ifRead signal 
makes it possible to read data in the 1 clock unit. This signal is connected to the Fifo unit 1. 

• ifReadEnableG (output: channel 1 only) 



25 



30 



35 



40 



[0442] Tliis is a read grant signal from the GBI to the functional block. The ifReadEnableG signal which is 
asserted at rise of ifClk indicates that read is possible at rise of a next clock. The ifRead signal is asserted by 
confirming the IfReadEnableG signal. This signal is output from the Fifo unit 1. 

• ifRegStarl;_L (common to channels) (output) 

[0443] This is the signal which tapped bStart_L of the B bus with a clock. It is asserted for a clock together 
with the ifRegAddr[31:2] signal, ifRegRdNotWr signal and ifByteEn_L[3:0] signal. For write into an internal register of 
the functional block, the signal ifRegDataln[31;0] is also validated. The functional block checks an address upon 
assertion of lfRegStart__L and responds with the ifRegAck_L signal when an access is made to an internal register of 
the functional block. Otherwise, it waits for assertion of next ifRegStart_L. This signal is output from the B bus controller. 

ifRegAddr[31:2] (common to channels) (output) 

[0444] This is the address signal which tapped bAddr[31:2] of the B bus with a clock. It is validated upon 
assertion of the signal ifRegStart_L and is kept valid during response with the ifRegAck L signal when an access is 
made to an internal register of the functional block. This signal Is output from the B bus controller. 

• lfRegByteEn[3:0] (common to channels) (output) 



45 



50 



55 



[0445] This Is the byte enable signal which tapped byteEn_L of the B bus with a clock. This signal is validated 
upon assertion of the signal ifRegStart_L and is kept valid during response with the ifRegAck_L signal when an 
access Is made to an internal register of the functional block. In case of write Into the internal register of the 
functional block, only an effective byte which is Indicated by this signal is written. In case of read from the 
Internal register of the functional block, this signal is ignored and all bytes are output. This signal is output 
from the B bus controller. Table 9 lists correspondence between each digit of the signal IfRegByteEn [3:0] and each 
byte unit of the signal ifRegDatalnG[31 :0]: 

[Table 9] 



IfRegByteEn 


3 


2 j 1 


0 


IfRegDaftaln 


31:24 


23:16 1 15:8 


7:0 
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ifRegRdNotWr (common to channels) (oiftput) 



[0446] This is the signal which tapped bWr_L of the B bus with a clock and indicates a direction access to an 
internal register of the functional block. When it is high, contents of the internal register of the functional 
block are output to the signal ifReqDataOut [31:0] and when the signal is low, data of the ifReqDataln[31;0] is 
written into the irrterha! register a# the functional block. The signal becomes valid upon assertion of the signal 
lfRegStart_L and es kept \«alid till iresponse with the ifRegAck_L signal when an access is made to the internal 
register of the functional block. This signal is output from the B bus controller. 

- ifRegAck_L (common to channels) (output) 



[0447] This is a signali which Kiidicates a functional block has completed an access to the internal register. An 
address is checked upon assertion <Df ^the signal ifRegStart_L and when an access is made to the internal register of 
the functional block, this signal is always asserted for a clock after reading or writing data into or from a 
^5 register. This signal must ixcsX be asserted when an access is made to a member other than the internal register of the 
functional block. This signal bs connected to the B bus controller. 

• ifRegDataOut[31 :0] (common to channels) (input) 



20 [0448] This is a data bus sagna! to read out contents of the internal register of the functional block. This 
signal must be valid when the signal qfR-egAck_L signal is asserted. The signal is connected to the B bus controller. 

■ ifRegDataln[31:0] (comnmon to dfnannels) (output) 



25 [0449] This is a bus signal which indicates data to be written into the internal register of the functional 
block. This signal is validated upon assertion of the signal ifRegStart_L and is kept valid during response with the 
ifRegAck_L signal when em access is made to the internal register of the functional block. This signal is output 
from the B bus controller. 

2^ ■ If DmaPmState[1 :0] (conmmon to channels) (output) 

[0450] A signal indicating an operating state of the GBI. This output is always valid. The functional block 
generates a power management ^atus signal to the power management unit on the basis of this signal and an 
operating state of the functional block itself. This signal is output from the register unit. A value to be output 
35 will be described later in a section of a .power management. 

<D(\/!A controller> 

[0451] The GBI uses DMA controllers 9205 shown in FIG. 96 in channels 0 and 1 respectively. 
[0452] The DMA controller consists of a DMA main controller block, a fetch chain table block, a calculate pitch 
^ address block, a generate address bSock and a DMA request block. 

[0453] From the register unit 9206, a DMA mode is informed with a signal shown in Table 10. 



45 



[Table 


10] 






Mode signal 


modeMem 


useChainTable 


reverseMode 


Chain table DMA 


1 


1 


0 


Chain table DMA (R^erse direction) 






1 


Continuous aiSdress DMA 


1 


0 


0 


Continuous address DMA (Reverse direction) 






1 


To I/O DMA 


0 


0 


always 0 



[0454] Now, description will be made of each blocks of the DMA controller. 

55 

[DMA main controller] 

[0455] The DMA main controller controls starts and stops of the other four blocks. A chain table type DMA starts 
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the fetch chain table block, the generate address block and the DMA request block in this order at intervals of 1 
clock. A DMA with a pitch starts the calculate pitch address block, the generate address block and the DMA request 
block in this order at intervals of 1 dock. Another type of DMA starts the generate address block and the DMA 
request block at an interval of 1 clock. 

[0456] Furthermore, the DMA main controller judges a DMA end. The DMA main controller asserts a stopDMAReq 
signal for each block when it detects assertion of a NextAddreReq signal for the generate address block (a length 
counter is zeroed), a bus error or assenJtion of a stopDMA signal (forcible DMA end by a register) in an idle state 
of the fetch chain tat>le block (the blocfl< has read all contents of the chain table or is not started) and in an idle 
state of the calculate pitch address block (the block has completed all lines or is not started). The DMA main 
controfler judges the DMA end (asserts emdOMa) when all the blocks are set in idle states. 

[Fetch chain table] 

[0457] The fetch chain table block fetches tables in memories and is not started when a chain table is not used. 
The fetch chain table block consists of .a -chain table pointer address counter which designates a chain table for 
memory address, a chain table entry counter which indicates a number of rest entries in the chain table, a next 
address register which stores an address and a length fetched from the chain table, a next length register and a 
fetch chain table controller which controls the counters and the registers mentioned above. 

[0458] When the fetch chain table bs started from the DMA main controller, contents of the registers are loaded 
into the chain table pointer address couaiter and the chain table entry counter. The fetch chain table request fetch 
of an address of chainAddress[31:2] to tte ,B bus controller with a chainReq signal. With a chainDone signal (normal 
end) from the B bus controller, read ccantents are latched to a next address register to increase the chain table 
pointer address counter. When a ChaniaRtry (retiy) signal is returned from the B bus controller, the fetch chain 
table issues the same request to the B bus .controller once again. 

[0459] After the next address register is latched, the fetch chain table requests fetch of an address of the 
chainAddress[31:2] to the B bus controller. With the chainDone signal, the read contents are latched to a next 
length address to increase the chain tsilsle -pointer address counter and decrease the chain table entry counter- - 
Simultaneously, the fetch chain table asserts a nexlAddrValid signal and informs to the generate ,address block that 
an address and a length have been read &om the chain table. 

[0460] If data is zero when the mext length register is latched, contents of the next address register are 
loaded into the chain table pointer address counter 

[0461] When a NextAddrReq siguaal is asserted from the generate address block during assertion of the 
nextAddrValid signal, the fetch chain tablte judges that the generate address block has received the address and the 
length from the chain table, and negates tflie mextAddrValid signal. 

[0462] Then, the fetch chain table Checks the chain table entry counter and continues the fetch of chain table 
once again when the counter is not zero ax returns to an Idle state when the counter is zero. 

[0463] Upon receiving a chainBErg- signal (bus error), the fetch chain table returns immediately., to the idle 
•state. When the fetch chain table receives stopDMAReq from the DMA main controller, the fetch chain table returns to 
the idle state after an end of a requiest if it issues a request to the B bus main controller or otherwise, it 
immediately returns to the idle state. 

[0464] In a mode where the chain table is not used, the fetch chain table is not started or is kept in the Idle 
state and the nextAddrValid signal is keptinegated. 

[Generate address] 

• [0465] - The generate address block comprises a transfer memory address counter to store a transfer address to a 
memory, a transfer length counter to store a transfer length to be transferred, a transfer counter to store a byte 
which has been transfen-ed, a generate address controller to control these three counters, and a CheckGBusReq block 
and a CheckBBusReq block (referred to csolledtively as a CheckG/BBusReq) which judge a mode to be requested to the 
GBus/Bus from a transfer address and a transfer length. 

(When chain table is used) 

[0466] When the chain table is started from the DMA main controller, it clears the transfer counter and waits 
for a nextValidAddrCT signal from the fetch chain table. When the nextValidAddrCT signal is asserted, an address and 
a length of the chain tal)le are loaded into the transfer memory address counter and the transfer length counter 
respectively. 

[0467] The CheckG/BBusReq judges a mode selectable for transfer from contents of the two counters. 
[0468] The CheckG/BBusReq informs a transfer mode of the G/BBus to the DMA request block (a g/b Valid signal 
is negated when transfer is impossible) and the DMA request block issues a transfer request to each bus controller 
while giving a priority to the G bus. 

[0469] In case of transfer thorough the G bus, the transfer memory address counter and the transfer counter are 
increased and transfer length counter is decreased at a time by a gMDone signal (transfer end signal through G bus) 
and a selected transfer mode. At a staege of transfer through the B bus, the transfer memory. address, counter is 
increased and the transfer length counter as decreased. 
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[04701 When the transfer length coumter is zeroed, contents of a next chain table. are loaded into the transfer 
memosy address counter and the transfer llengtti counter upon assertion of the nextValidAddrCT signal from the fetch 
chain table if this signal Is negated, or otherwise, the contents are inrtmediately loaded. Then, the generate address 
block starts a next transfer. 

[04711 When the transfer length counter is zeroed upon completing transfer of a final portion of the chain table, 
^ the fei3ch chain table is in an idle state arard ithe nextValidAddrCT signal is negated. Since the DMA main controller 
detects an end of the DMA, it asserts the SBtopDMAReq signal for the generate address block. The generate address 
block ES set In the Idle state accorcfingly. . 

(When DA4A with pitch is used) 

10 

[04721 When the generate address bSock Is started from the DiVIA main controller, it clears the transfer counter 
and waits for a nextValidAddrPA signal frosn a calculate pitch address. When the nextValidAddrPA signal Is^asserted, 
an address and a length calculatsed from a start address and a pitch are loaded into the transfer memory address 
counter and the transfer length counter respectively. 

[04731 As In the mode where the ctoin table is used, the transfer memory address counter and the transfer 

15 counter are increased and the transfer leng^ counter Is decreased. 

[0474] When the transfer length counlter Is zeroed, contents of a next table are loaded into the transfer memory 
address -counter and the transfer length counter after assertion of the nextValidAddrPA signal from the calculate 
pitch address if the signal is negated, ©r otherwise, the contents are loaded immediately. Then, the generate 
address block starts a next transfer. 

2^ [0475] When the transfer length comnter is zeroed upon completing a transfer of a final line, the calculate 
pitch address is in an idle state and the reextValldAddrPA signal Is negated. Since the DMA main controller detects 
an end of the DMA, it asserts the stopDMAReq signal for the generate address block. The generate address block is 
set in the idle state accordingly. 



(Operation of DMA to I/O) . 

25 

[0476] When the generate address bl«3Ck is started from the DMA main controller, the transfer counter is cleared 
and contents of s GBIDMA transfer lengtSIn register which stores a data length are loaded into the transfer length 
counter. The CheckGBusReq blod< and the cCheckBBusReq block use contents of GBIDMAGBus I/O address register 
and GBIDMABBus I/O register respectivelyL 

[04771 The transfer counter is increaseed and the transfer length counter Is decreased as described above. 
[04761 When the transfer length courriter is zeroed, the fetch chain table and the calculate pitch address which 
were not started are in idle states, and thxe nextVaiidAddr signal is negated. Since the DMA main controller detects 
an end of the DMA, it asserts the stopDMAReq signal for the generate address block. The generate address block is 
set in an idle state accordingly. 

(Reverse mode) 

[04791 The generate address block so^pports a reverse mode when it does not operate for DMA to I/O; It makes 
accesses to a block of the chain table DMA and a line of the DMA with pitch in order from higher to lower addresses. 
To designate each block and each line im a -reverse direction, chain tables are prepared in the reverse direction in 
the Cham table DMA. In case of the DMA with »pitch, a value of the pitch Is set as:a negative value (a complementary 
40 number of 2). 

[04801 'n the reverse mode, a finaC .address is calculated using a transfer length to load a value into the 
transf^ memory address counter. The transfer memory address counter is not increased but decreased. 
[04811 The CheckBBusReq bJock requiests the single transfer only. The CheckGBusReq block requests the 4-beat 
burst transfer only. Data is set in a' reverse sequence in a 32-bit unit by the Fifo unit and sent to the functional 
block (responding only to the channel 1 in peresent conditions). 

45 

(Check of GBus request) 

[04821 The CheckGBusReq block checks the GBus request. The signal gValid is always negated unless a signal 
useGBus is active. 

50 [04831 When bit 6 and lower bits of tbe transfer memory address have a value of 0 and a transfer length is 128 
or longer, the signal gVlaid is asserted amd g4Not16Req = '0', or when bit 4 and lower bits of the transfer memory 
address have a value of 0 and a transfer length is 32 or longer, the signal gValid is asserted and g4Not16Req = 
'1 The signal gValid is negated in other cases. 

(Check of BBus request) 

55 . 

[04841 The CheckBBusReq fc^ck checks the BBus request. The signal bValid<is always negated unless the signal 
useBBus is active. 

[0485] When bit 4 and the lower bits.^f ^e transfer memory address have a value otO and:a transfer length Is 
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29 or longer, the signal bValid is asserted, bBurstReq = '1' and b4Not8Req = '0', or when bit 3; and lower bits of 
the transfer memory address have a value of 0 and the transfer length is 13 or longer, the signal .bValid is asserted, 
the signal bBurstReq ='1' and the signal b4Not8Req = '1'. In other cases, bValid is asserted and bBurstReq = '0'. 

(DMA request) 

[0486] When the generate address block is started from the DMA main controller, the DMA request block checks a 
request for the G bus/B bus from the generate address block. When the generate address block issues requests for 
both the G bus and the B bus, the G bus is used preferentially. According to this request, the DMA request block 
issues a transfer request to the G bus controller or the B bus controller and waits for a response. The response is 
a signal of g/bMDone, g/bMRtry or g/bMBErr. 

[0487] In case of g/bMDone which indicates a normal transfer end, the DMA request block checks a next 
GBus/BBus request from the generate address block. 

[0488] In case of g/bMRtry, the generate address block issues a transfer request once again to the same bus 
controller. 

[0489] " In case of g/bMBErr, the generate address block immediately returns to the idle state. 
[0490] When a final transfer completes, the DMA request block is set in a state to wait for a GBus/BBus request 
from the generate address block. Since the DMA main controller detects an end of the DMA and issues stopDMAReq 
signal in response to a DMA request, DMARequest is returned to an idle state by this signal. 

[0491] In case of a bus error at a time of the chain table fetch or a forcible end of the DMA by a register, the 
DMA main controller also issues the stopDMAReq signal and the DMARequest returns to the idle state after completion 
of transfer when a transfer request is issued to the bus controller, or otherwise, the DMARequest returns to the 
idle state immediately. 

<Register unit> 

[0492] ' Riegister units correspondirig to individual channels exist in the internal register. These register units . 
are the same, except for addresses to be decoded. The register unit comprises a register unit 0 and a register unit 
1 as shown In FJG. 97. 

[0493] Each register unit is composed of a register l/F block, an action controller block, an interrupt 
controller block and a power status block. The register unit supplies a set point value to each block of the GBI and 
controls not only an interrupt with an interrupt controfler but also blocks which can operate in a power saving mode 
with a power status block. 

[Power status] 

[0494] Units of the GBI which can operate in the power saving mode are the DMA controller and the FIFO unit. The 
power saving mode is realized by masking a clock of each block with a fifolnSleep signal and a dmalnSleep signal. 
Both the units are set in the power saving mode when they are reset. The DMA controller automatically starts when 
initiated in the master mode and enters into sleep with write of a GBI FIFO sleep register. 

[0495] Power management status signals (pmState[1 ;0]) which are output from the power status block to the 
channels are: 



40 



pmState[1:0] stopped) 


00 


levelO (both DMA and FIFO 




01 


level 1 (only FIFO operates) 




10 


Ievel2 (both DMA and FIFO 


operate) 








11 


NotDefine 
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50 



55 



[0496] The power management signals are prepared as listed above for the GBI of the DdEngine' which is 
connected to the scanner controller (Sec) and the printer controller (Pre) has only the channel 1, but when it 
includes two channels, the signals are degenerated to 4 stages as shown below: 



pmState[1:0] stopped) 


00 


levelO (both DMA and FIFO 


pmState[1:0] 


00 


levelO (both FIFO and DMA stopped in both channels) 




01 


levell (FIFO operates only in channel 1) 




10 


Ievel2 (FIFOs operate in both channels but DMAs stopped in both channels) 




11 


levels 

(FIFOs operate in both channels and a DMA operates) 
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[0497] The power management status signal (pniState[1;0]) is sent to the functional block by way of the IF bus. 
On the basis of this signal amd an operating status of the functional block itself, the functional block generates a 
5 power management status signial to the power management unit. 

<Operatjon modes of GBI> 

[0498] Description has been made above of the blocks which compose the GBL Operations of the GBI will be 
summarized below. Operation modes of the GBI are roughly classified as follows: 

1 . Slave mode 

2. Master mode 

In the master mode, the GBf -operates in DMA modes which are listed below: 

A. DMA-to-memory 

B. DMA-to-iyO (fixed address) 



In the DMA-to-memory mode, the GBI transfers data to: 

. a. Continuous physicaS addresses 

--- b. Discontinuous, physiical- addresses (assumed that a transfer destination memory is divided in a memory 

25 management page unilb). 

In the DMA-to-memory rnode, tihe GBI supports also the reverse mode (channel 1 only), 

[0499] The DMA to.the coratlnuous physical addresses is the so-called two-dimensional DMA in which a head 
address, a length of a line, a pitch to a next line and a number of lines are designated. A one-dimensional DMA can 
30 be realized by setting the number of lines at 1 . 

[0500] In the DMA to the cSscontinuous physical addresses, a head address and a length of each divided memory 
block are disposed in a memory, and an address of a transfer destination is calculated while referring to the head 
address and the length to execute the DMA. A pair of the head address and the length will hereinafter be referred to 
as a chain table. FIG. 98 exefjnpilifies a chain table. In the DMA to the discontinuous physical addresses a memory 
address in which the chain tabfte 'is disposed and a number of address-length pairs are designated. Though the chain 
table itself must be arranged at continuous addresses needless to say, it is possible to connect chain tables by 
setting a length of 0 for, an address of a next chain table in place of a head address when all chain tables cannot 
be arranged at continuous are^. 

[0501] In the reverse modie, accesses are made to a block of a chain table DMA and a line of a two-dimensional 
DMA in a higher to lower address sequence. To designate a block or a line as a unit in the reverse direction for the 
40 chain table DMA, a chain table is prepared in the reverse direction. For the DMA with pitch, a pitch value is set as 
a negative value (a complementary number of 2). 

<!nterrupt control> 

[0502] Now, description vtnll :be made of Interrupt control. An interrupt from the GBI occurs in conditions which 

45 are listed below: 

[Master mode]: 
[0503] 

50 1. Nprmal DMAend ■ 

2. Bus error detected during DMA transfer through G bus 

3. Bus error detected during DMA transfer though B bus 

55 

4. Bus error detected during fead of chain table in the chain DMA mode 
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[050^9 In case of the forcible end by the GB! stop register, the DMA is ended normally when transfer requested 
by the DMA comtroiler to a bus controller termimates normally. When requested transfer causes a bus error, the DMA 
is ended abnoimally due to the bus error. 

[050^ In tJie channel 0, the DMA is ended (an interrupt occurs) when the functional block has written all data 
into the FIFO in the GBI but data remains in the FIFO. Since the DMA is ended when FIFO data is transferred, the GBI 
judges ^e transfer of the FIFO data as an end of the DMA. 

[05061 In the channel 1, the GBI ends the DMA (causes an interrupt) when all data has been written into the FIFO 
but data remains In the FIFO. Since the functioxial block is ended when the FIFO data is transferred, the GBI judges 
tiie transfer of the FIFO data as an end. 

[Slave mode] 

5. FIFO illegal access 

[0507] Data Is transferred between the funsctional block and a master which are connected to the GBI by way of 
the FIFO of the GBI. 

[0508] When both the G bus and the B bus are used (in the DoEnglne, the GBI is a unique master which is capable 
of using both the G bus and the B bus) and baSh the buses issue access request simultaneously, there is no available 
method to knew which of the buses visi make access first to the FIFO. The master must issue an exclusive transfer 
request to the G bus/B bus. (The GBI issues ara exclusive transfer request in the master mode.) If both the G bus and 
B bus make accesses to the FIFO simultaneous^, a FIFO illegal access occurs. 

[05091 An interrupt is caused when any eone of the conditions 1 through 5 mentioned above occurs and the 
internipt grant bit is set at "1 ." 

<Core ri!terfaces> 

[05101 FfG- 99 shows a diagram of a core iinterface which is composed of a combination of the Interfaces between 

the GBJ and the B bus/G bus/functional block. Since the GBI does not issue the bus error during the B bus slave 

operafion, it is free from bError(Func)Out_L Fifirthermore, the GBI does not check the bInstNotData signal during the 

B bus slave operation, it is free from (func) blnstf!>dotData in and (func) blnstNotData_out always drive "0." 

[0511] Furthermore, the GBI does not issu^e the bus error during the G bus slave operation, it is free from (func) 

gErr_L_out 

[0512] A functional block to be connectaed. that is, sec (scanner controller) or pre (printer controller) is set 
as Func (func) in the signal name of the GBI shown in FIG. 99. 

[0513] The DoEngine uses the scanner controller Sec (sec) and the printer controller Pre (pre) as functional 
blocks. Since data flow is not in two directiatns when either of the functional blocks is used, the DoEngine is 
implemented wfth unnecessary FIFOs, DMA controllers and registers omitted, 

<Printer controfler core interface> 

(051 FIG. 86 is a diagram showing a cofflection of signals which are input and output between cores including 
the blocks described above in the printer controller 4303 and external buses and scanners. As shown in FIG. 86, the 
printer controOer 4303 is connected to the system bus bridge 402 by way of the G bus, to the lO device, power 
management device and system bus bridge by vway of the B bus, to the printer, controller by way of the PC bus and to 
the G bus/B bus 1/F unit by way of the l/F bus. 

2.10 Power Management Unit 

[0515] FIG. 87 shows a block diagram of the power management unit 409. 

[05161 The DoEngine is a large-scale ASIC which comprises the CPU. It is therefore fearful that a large amount 
of heat is generated and the chip itself may be broken when all internal logic operate at the same time. In order to 
prevent such a trouble, the DoEngine manages electric power supplied to each block or perform power management 
and monitors an amount of electric power consumed by the chip as a whole. 

[05171 The power nnanagement is performied .independently by each block. Data of an amount of electric power 
consumed by each tHock is collected to the power management unit (PMU) 409 as a power management level. The 
PMU 409 totsdizes amounts of electric power consumed by the blocks and monitors the amounts of electric power 
consumed by the blocks of the DoEngine so thaft a -total value will not exceed a limit of electric power consumption. 

<Operation> 

[05181 The power management unit operates :as described below: 

* Each block has power management levels at four steps. 

' The PMU has values of power consumptions at ^these levels as registers. 
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[0519] The level configuration and power consumption values are held in the PM component register 5401 . 

■ The PWIU receives a power management level from each block as a 2-bit status signal (described later) and knows a 
power consumed by each block by verifying the value set in the register 5401 . 

• The PRifflU adds powers consumed by the blocks with an adder 5403 and calculates an amount of electric power 
consucned by the DoEngine as a whole in real time. 

A comparator 5404 compares a calculated amount of electric power with a limit value (PM limit) of consumed 
electric power set in the component register 5401 and an interrupt signal is issued from an interrupt generator 
5405 when the calculated amount exceeds the limit value. 

• The Smat value ss settable in two steps. A first step is set at a level with a little margin from a true limit. When this 
limit vaftue is exceeded, an ordinary interrupt signal is issued. The software receives this signal and prevents a 
block fixim bein^g Tiev\/ly started. So far as the consumed amount is within a range where it does not attain to a 
second step, however, a new block can be started under management by the software. A limit value at the second 
step is set at a level at which a device may be broken. Should this value be exceeded, NMI (an internjpt which 
allov^ no interrupt mask to be set) is issued and the system is stopped for security. 

• The interrupt signal is released by reading a status register 5402 of the PMU. Upon reading the status register 
5402. a timer starts counting and when the amount of consumed electric power does not return a normal level until 
the timer expires, the interrupt signal is issued once again. A value for the timer Is set in the component 
register 5401 of the PMU. 



<Power management for each bio ck> 

[0520] Power m^jinagement may be optionally configured independently for each block. Examples of power 
management con1iguratk>n will be described below: 

(Configuration example 1) 

[0521] In this example, power management is carried out by turning on and off a clock to an internal logic and 
power consumption can be set at only two levels. One of these levels is sent as a status signal to the power 
managem^ unit 409. FIG. 88 shows a block diagram of a bus agent 

• A bus agent 5501 comprises an internal logic 5502 for each unit, a decoder 5503 which decodes an address, a 
clock control section 5504 and a clock gate 5505. 

The decoder 5503 and the clock control section 5504 which are always operating monitor bus activity monitoring 
and perform gating of the clock into the internal logic as power management control. 



<Clock con3rol> 
10522] 

• The bus agent detects the bus activity and automatically turns on/off the clock. 
The bus agent has three states of sleep, wake up and wait 

In the sSeep state, the bus agent has no activity and the clock gate clock is stopped. 

• • Even in the sleep state, the decoder 5503 and the clock control section 5504 are operating to monitor the bus and 

wait for a request 

• When the decoder 5503 detects an address of itself, it operates the clock of the internal logic by opening the 
clock gate 5505 and responds to the bus request The wake up state is entered. Furthermore, the decoder informs 
this state to the power management unit 409. 

Upon completing data transfer, the wait state is entered and the bus agent waits for a next request The clock is 
still operating in this state. When a request is issued, the bus agent returns to the wake up state and executes 
transfer. The timer counts while the bus agent is waiting for the request, and when the timer expires while no 
request is issued, the bus agent shifts to the sleep state and stops the clock. This state is also informed to 



-60- 



EP 1 001 606 A2 

the power management unit 409. 



[0523] The power management unit 409 manages the consumed power so that it will not exceeds a predetermined 
value. 

<Copying operation> 

[0524] The system whicti has the":conflguraftion described above is capable of transferring image data read from 
the scanner directly to the printer and carrying out a copying operation to form an image with the printer. The 
scanner/printer system which , uses the DoEngime preferred as the embodiment is capable of selecting three kinds of 
copying mode dependently on system cdnfiguratBons^which are described below: 

(Model) 

10525] A first mode Is selectable by a sysfism .which has a configuration wherein vertical and horizontal timings 
for image input by the scanner are coincident with horizontal and vertical timings for image output from the printer 
respectively, and a transfer speed of video data tis also coincident. 

'{0526] A vertical synchronous signal (VSV1NC) is output from the printer and input into the printer controller 
(PRC). This VSYNC signal is snput fronr the prirtter controller (PRC) to the scanner controller (SCC) by way of the CP 
bus. The signal is output frcMTi the scanner ccDntroiler (SCC) to the scanner. The printer is verticaily synchronized 
with the scanner accordingJyJ Also foi"*horizontaa synchronization a horizontal synchronous signal (HSYNC) signal is 
output, like the vertical syndhronous signal VSYNC, from the printer and input into the scanner by way of the 
printer controller, CP-bus and the scanner c€sntroHer. The scanner is horizontally synchronized with the printer 
accordingly. The scanner and the printer operate in synchronization in the vertical and horizontal directions as 
described above. The video data is output togetfaer with a synchronous video clock from the scanner. The output video 
clock and video data are Input, into. the. scan n^ controller (SCC) and then input into the printer controller (PRC) by 
way of the CP bus. The dock and data are -output. from the printer (PRC) controller to the printer. The printer- 
receives the video data in syncSTronization with the video clock and outputs an image. 

[0527] This copying operation is carried out by a configuration shown in FIG. 89. This copying operation is 
carried out without using the G bus or the B bus.. 

10528] Though the image data is .transferred from the scanner directly to the printer by way of the CP bus during 
'^is copying operation, the image data can simufltaneously be written into a SDRAM by the DMA transfer of the G bus 
from the scanner controller (SOC). The image diaita which is written into the SDRAM during the copying operation can 
be stored as image data as occasion demands. By outputting the image data from the SDRAM to the printer, the imaige 
data read by the scanner can be output to a pluraiiity of members without operating the scanner. 

(Mode 2) 

{0529] A second mode is selectable by a system which has a configuration wherein a horizontal timing for image 
^Input by the scanner is coiticident with a horziontal timing for image output from the printer but a vertical timing 
is not coincident with a video data transfer speed. 

[0530] A copying operation in this mode vnliil be described with reference to. FIG. 90. When the scanner starts 
reading an image, three timing signals of a vertical Siynchronous signal (VSYNC), a horizontal synchronous signal 
(HSYNC) and a video dock are input Into the scanner controller (SCC). In synchronization with the video clock, 
video data is also input into the scanner cortitroHer (SCC). In synchronization with the timing signals mentioned 
above, the scanner controller (SCC) acquires th>e video data into an internal FIFO (FIFO_SCC). Simultaneously with 
image data entry into the FIFO_SCC, it starts data transfer to a FIFO (FIFO GBI SCC) of the G bus/B bus l/F unit 
4301 A (GBI_SCC) of the scanner. The image diata is sequentially transferred from the scanner to the FIFO_GBI_SCC 
by way of the FIFO_SCC. Upon start of data eniiy into the FIFO_GBI_SCC, the DMA transfer is started using the G 
bus/B bus l/F unit 4301 B (GBI_PRC): of the printer .as a master and the G bus/B bus l/F unit 4301 A (GBI_SCC)of the 
scanner as a slave. For this DMA transfer, the G tousis used when it is empty but the B bus may be used when the G 
bus is not empty. 

[0531] By this DMA transfer, the image data of the FIFO_SCC is transferred to the FIFO (FIFO_GBLPRC) in 
GBLPRC. The image data of the FIFO_GBI_PRC is sequentially transferred to the FIFO (FiFO_PRC) of the printer 
controller (PRC). Upon image data entry into the FIFO_PRC, the printer controller (PRC) inputs the vertical 
synchronous signal (VSYNC) Snto the printer. Thie (printer starts outputting the horizontal synchronous signal (HSYNC) 
and the video clock with the timing of VSYNC. The printer controller (PRC) synchronizes the video data with the 
horizontal synchronous signal HSYNC and output the video data from the FIFO_PRC in synchronization with the video 
dock. The video data is output from the printer as an image. 

[0532] In case of this copying operation, tSie image is copied by transferring the image data in a sequence of 
the scanner, the FIFO (FIFOjSCC) of the scanner controller, the FIFO (FIFO_GBLSCC) of the G bus/B bus l/F unit, the 
FIFO (FIFO_GBI_PRC) of the G bus/B bus l/F unit, the FIFO (FIFO^PRC) of the printer controller and the printer. 
Since inten/als of the horizontal synch ronizatiora is the same between the scanner and the printer, a difference of 
the image data transfer speed is buffered by eac&j FIFO. 
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(Mode 3) 

[0533] A third mode is selected by the system which has a configuration wherein a vertical synchronous timing, a 
horizontal synchronous timing and a video data transfer speed are different from one another between the scanner and 

the printer. 

[0534] A copying operation in this mode will be described with reference to FIG. 91. When the scanner starts 
reading an image, the scanner outputs a vertical synchronous signal (VSYNC), a horizontal synchronous signal 
(HSYNC) and a video clock to the scanner controller (SCC). Image data is output in synchronization with these timing 
signals. The scanner controller (SCC) acquires the image data in synchronization with the timing signals mentioned 
above. The GBI_SCC performs the DMA transfer of acquired image data to the memory controller (MC) 403. The image 
data transferred by DMA is written by the MC403 into the SDRAM. When an amount of the image data written into the 
SDRAM reaches to a level sufficient to buffer a difference between the data transfer speeds of the scanner and the 
printer, image data transfer to the printer is started. The amount of the image data can be judged from a data 
transfer time from the scanner, an address written into the SDRAM, an amount of data transferred by DMA to the 
GB!_SCC or the Bke. 

[0535] ■ The printer controller (PRC) transfers the image data to the printer. By the DMA transfer of the GBI_PRC, 
the printer controller (PRC) inputs the image data written in the SDRAM sequentially into the internal FIFO. 
Simultaneously, the printer controller (PRC) outputs the vertical synchronous signal (VSYNC) to the printer. 
Thereafter, the horizontal synchronous signal (HSYNC) and the video clock are input from the ' printer. In 
synchronization with the HSYNC and the video clock, the printer controller outputs the image data from the internal 
FIFO to the printer. In the data flow described above, a copying operation is carried out to output the image data 
read by the scanner from the printer. In this case, the image data flows in a sequence of the scanner, scanner 
controller, G bus/B bus 1/F unit (GBLSCC) of the scanner, memory controller (MC), SDRAM, memory controller (MC), G 
bus/B bus l/F unit (GBI_PRC) of the printer, printer controller (PRC) and printer. The copying operation is carried 
out by storing the image data once into the memory and transferring the image data from the scanner to the printer 
using the memory as a buffer between the scanner and the printer as described above. 

[0536] The system has functions for the copying operation in three modes described above. A larger riuitiber of 
the internal blocks which are used for the copying operation is increased in ah order of (rnode 1 ) (mode 2) -> (mode 
3). Use of a larger number of the internal blocks constitutes a cause for degradation of performance or an 
efficiency of the system as a whole. The system permits selecting a copying operation mode where the system operates 
most efficientiy dependently on a number of devices (the printer and scanner) which are connected to the system. 
[0537] The coping operation modes can be selected, for example, by methods which are described below: 

(1) To -input a copying operation mode to be designated by way of a DART or the like to carry out the copying 
operation in a designated mode. 

(2) To input required parameters such as data transfer speeds, horizontal and vertical synchronous frequencies 
and the like of the printer and scanner by way of the UART or the like so that the CPU 401 selects one of the 
three modes described above correspondingly to values of the parameters to carry out the copying operation in a 
selected mode. 

(3) To allow the printer controller to read the required parameters such as a data transfer speed, vertical and 
horizontal synchronous frequencies of the printer and the like so that the scanner controller reads the required 
parameters such as the data transfer speed, horizontal and vertical synchronous frequencies from the scanner and 
the CPU 401 compares and judges the parameters to determine a copying operation mode. 



[0538] A copying operation mode which Is determined or selected by the methods (1) through (3) is informed fr9m 
the CPU to the printer controller and the scanner controller so that the printer controller, the scanner controller 
45 and the like carry out the copying operation. 

[0539] Now, description will be made of processes to determine a copying operation by the method (3) mentioned 

above. 

[0540] FIG. 100 is a flowchart showing processes to select a copying mode to be used by the system out of the 
three copying operation mode. This operation starts at a step S1 at a rise time of a power source of the system. 
^ [0541] At a step S2, a type of the printer is judged. By way of the printer controller 4303. the CPU 401 
acquires an ID from the printer through a command/status line included in the printer video l/F. The command/status 
line is a serial communication line which is capable of communicating ccimmand/status 1:1 between the printer 
controller and the printer. 

[0542] At a step S3, the CPU similarly acquires an ID indicating a type from the scanner though a command/status 
line included in the scanner video l/F by way of the scanner controller 4302. 
55 [0543] At a step 84, a copy passage suited to a combination of the scanner and the printer which is judged at 
the steps S2 and S3 is judged. Judgement of the copy passage suited to the combination of the scanner and the 
printer is prepared in a form of a table, for example, in a memory of a flash ROM to which the CPU can make 
reference. A combinations of the scanner and the printer which is suited for each copy passage is: 
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[0544] (Mode 1) A combination wherein horizontal and vertical timings are synchronized, and video data transfer 
speeds are also synchronized between the scanner and the printer. 

[0545] (Mode 2) A combination wherein a speed of horizontal synchronization timing is the same between the 
scanner and the printer, but vertical timings and video data transfer speeds are not synchronized, 
g [0546] (Mode 3) A combinaticMi wherein vertical synchronization timings, horizontal synchronization timings and 
video data transfer speeds are different between the scanner and the printer. 

[0547] The CPU selects an adequate copying operation mode from among the three modes mentioned above by 
referring to a prepared table. 

[054d] At a step S5, a mode corresponding to the copying operation mode selected at the step S4 is set for the 
scanner controller 4302. The CPU sets this mode by way of the B bus. 

[0549] FIG. 101 is a diagram showing a circuit which switches the internal data bus of the scanner controller 
4302. A data bus selector is included in the scanner device l/F 4401 shown in FIG. 44. The scanner video clock unit 
and other members which are not necessary for description of data bus switching are omitted. 

[0550] A data bus mode is set m a register 1 . A mode which corresponds to a copying operation mode selected at 
the step S4 in FIG. 100 is set in a register 1 by the CPU. A select control signal 4 is a signal used to select a 
15 data bus in correspondence to the mode which is set in the mode setting register 1. A scanner video bus 2 is a video 
data bus from the scanner. A bus 5 ss used to transfer video data from the scanner to the FIFO SCC 6. A CP video bus 
7 is used for the copying operation in the (mode 1). In case of the (mode 1), a data bus is selected so that video 
data is output from the scanner video bus to the CP video bus 7. In case of the (mode 2) or (mode 3), the video data 
is output to the bus 5 and transferred to the FIFO SCC 4407. 

[0551] The CPU proceeds to a step S6 in FIG. 100. At the step S6, the system sets an operation mode for the 
20 GBI_scc. This mode is set in the copying operation mode which is selected by the CPU at the step S4. In the (mode 1), 
the GBI_scc is designated so as not to operate. In the (mode 2), a master is designated for the DMA transfer and the 
GBI_prc is set in a transfer destination of the DMA. In the (mode 3), a master is designated for the DMA transfer and 
the SDRAM is set in the transfer destination of the DMA. 
. [0552] At a next step S7, an operation mode is set for the GBI_prc. This mode is set by the CPU in .the copying 
operation mode selected at the step S4, In the (mode 1), the GBLprc is designated so as not to operate. In the 
(mode 2), a slave is designated for the DMA transfer. In the (mode 3), a master is designated for the DMA transfer 
and the SDRAM is set in a read source for the DMA ti-ansfer. 

[0553] At a next step 88, a mode is set for the printer controller. This mode is set by the CPU in the copying 
operation mode selected at the step S4. 

[0554] FIG. 102 is a diagram showing a circuit which switches the internal data bus of the printer controller 
30 4303. A data bus mode is set in a register 1 1 . A mode which corresponds to the copying operation mode selected at 
the step 84 in FIG. 100 is set in ttie register 11 by the CPU. A select control signal 14 is used to select a data 
bus according to the mode set in the mode setting register 11. A bus 15 is a bus for data output from the FIFO PRC 
16. A bus 12 is a video data bus to the printer. A CP video bus 17 is used for the copying operation in the (mode 1) 
. In case of the (mode 1 ), data in tt\e CP video bus is selected and output to the printer. In case of the (mode 2) 
or (mode 3), data from the bus 15 is output to the printer video bus 12. 
^ [0555] At a step S9, a flow to select a copying operation mode terminates at rise of the power source. The. CPU 
is capable of determining a copying operation mode dependently on types of the scanner and the printer. 
[0556] The propesses described above are those for determining a copying operation mode on the basis of the 
vertical synchronization timing, horizontal synchronization timing and video data transfer speeds of the scanner and 
the printer, but not always applicable to a case where an image is to be not only copied but also to be processed. 
40 ■ Speaking concretely of a case where an image is to be processed, it is judged whether or not the image is to be 
processed before the step S2 in FIG. 100 and the mode 3 is selected regardless of specifications for the scanner and 
the printer and each block is set to obtain the data passage in the mode 3 at the steps 35 through S8. These 
processes allow read image data to be stored once into a memory, thereby making it possible to process the image 
data as required. 

[0557] A bus is used in the mode 2 or the mode 3. The system determines whether the G bus or the B bus is to be 
45 used dependentiy on their conditions of use. In other words, the G bus which has a broader width is used when both 
the G bus and the B bus are in the idle states. When either of the buses is not used, the system selects the other 
bus which is not used. 

[0558] As described above, the scanner is connected to the buses (G bus and B bus) in the DoEngine by way of 
the scanner controller 4302 and the GBLSCC 4301A. The scanner controller 3402 and the GBLSCC 4301A are 
^ connected to transfer image data to each other by way of the FIFOs respectively. Since the scanner controller and 
the GBI_SCC have the FIFOs respectively as described above, the GBI is capable of efficientiy transferring image 
data read from the scanner which has a relatively low speed though the operation clock is connected at the 64-bit 
width to the G bus which has a remarkably high speed of 100 MHz. The printer controller is also capable of 
effidentiy transferring the image data. 

[0559] Furthermore, the GBI selects a data passage for the copying operation dependentiy on coincidence or 
55 mismatching between the synchrortcus signals of the scanner and the printer, thereby being capable of copying an 
image using data transfer as speedy as possible regardless of specifications for the scanner and the printer. 
[0560] That is, connections of the scanner and the printer to .the buses of the DoEngine using the scanner 
controOer and the printer controller described above as well as their GBIs make it possible to make the DoEngine 
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mode independent from the specifications for the scanner and the printer. 



[Another example of configuration] 

[0561] The operating sequence of the cache shown in FIGS. 9 and 10 may be those shown in FIGS. 103 and 
104. . 

[0562] When data transfer is started from the MC bus in FIG. 103, the mTType [60:0] indicated by MC bus judges 
at an initial stage of the data transfer whether or not the transfer is to be carried out with the cache on or off. 
In case of the burst transfer in FIG. 103, it performs judgement dependently on whether or not an amount of data to 
be transferred is larger than a data amount on a line of the cache. A line of the cache corresponds, to 256 bits = 4 
bursts. 

[0563] In FIG. 103, the memory controller checks the mTType[3:0] at the start of the transfer and operates with 
the cache on when a burst lenqth indicated by the mTType is 1/2/4 or operates with the cache off when the burst 
length is 6/8/16/2 x 16/3 x 16/4 x 16. After the cache is turned on or off, the memory controller operates as shown in 
FIGS. 9 and 10. 

[0564] Furthermore, the cache can be turned on and off with a device as shown in FIGS. 105 and 106. In FIG. 105, 
the memory controller discriminates a device which issues a transfer request by checking the mTType[6:4] at a 
transfer start, refers to a value of a component register which is preliminarily set to judge whether it operates 
with the cache on or off, and determines whether it operates with the cache on or off. After the cache is turned on or 
off, the memory controller operates as shown in FIGS. 9 and 10. Setting of the component register may be determined 
(not modifiable) by a hardware or rewritten by a software. 

[0565] As described above, the image input/output control system according to the present invention is capable 
of preparing a plurality of passages as passages for image signals dependently on functions of an image input 
apparatus and an image output apparatus, and selecting a most adequate passage out of the plurality of passages, 
thereby not requiring a circuit composition even when the image input apparatus and the image output apparatus are 
chanqed and being capable of freely selecting various kinds of image input apparatuses and image , output 
apparatuses. 

[0566] Furthermore, the image input/output control system according to the present invention is usable in 
various operation modes including a mode wherein hardware resources such as a memory and a bus are connected 
directly to an image input apparatus and an image output apparatus, and another mode wherein the hardware 
resources are connected by way of FIFOs. 

[0567] To obtain a copying function by outputting image signals acquired from the image input apparatus to the 
image output apparatus, the image input/output control system according to the present invention makes it 
unnecessary to resen^e a memory area for copying by using the FIFO to buffer a difference in data rates between the 
image input apparatus and the image output apparatus. 

[0568] Even in a case where the copying function is obtained by disposing a direct connection passage between 
the image input apparatus and the image output apparatus in addition to the passages which connect the image input 
apparatus and the image output apparatus to the memory, the image input/output control system according to the 
present invention is capable of simplifying a hardware configuration by preparing members which directly connect 
controllers of the image input apparatus and the image output apparatus regardless of specifications for the image 
input apparatus and the image output apparatus. 

[0569] Furthermore, the image input/output control system according to the present invention does not require 
modifying a composition of an interface circuit since it uses a common interface circuit with buses regardless of 
the specifications for the image input apparatus and the image output apparatus, and has the configuration to 
convert input and output signals from the image input apparatus and the image output apparatus into input and output 
signals for a bus interface. 

[0570] As understood from the foregoing description, the image input/output control system according to the 
present invention has enhanced independence and can cope with more flexibly to specifications for a printer and a 
scanner connected to the system since it permits a passage optimum for image data to be copied and connects 
controllers of the scanner and the printer to bus interface with data transfer between FIFOs. 

Claims 

1. An image input/output control system comprising: 

reception means for receiving an image signal from image input means; 
transmission means for sending the image signal to image output means; 

connection means for connecting said reception means to said transmission means with a plurality of 

passages; and 

transfer means for selecting one of said plurality of passages and transferring the image signal from said 
reception means to said transmission means by v^y of the selected passage. 
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2. The image input/output control system according to claim 1 further comprising memory means for storing the image 
signal and a bus which connects said memory means to said reception means and said transmission means, 

wherein said connection means connects said reception means to said transmission means through at least 
three passages of a first passage which connects said means directly, a second passage which connects said 
means by way of said bus and a third passage which connects said means by way of said bus and said memory 
means; and said transfer means for transferring the image signal through any one of said three passages. 

3. The image input/output control system according to claim 2. 

wherein said transfer means selects the first passage when a timing to input the image signal by said image 
input means is coincident with a timing to output the image signal by said image output means in vertical 
synchronization, horizontal synchronization and a video clock, the second passage when the timing to input the 
image signal by said image input means is coincident with the timing to output the image signal by said image 
output means only in the horizontal synchronization, or the third passages when the timing to input the image 
signal by said image input means Is not coincident at all with the timing to output the image signal by said 
image output means. 

4. The image input/output control system according to claim 2, wherein said transfer means selects said third 
passage when the Image signal input from said image input means is to be processed. 

5. The image input/output control system according to claim 1, wherein said reception means has a FIFO buffer to 
receive the image signal input from said image input means and said transmission means has a FIFO buffer to 
transmit the image signal to said image output means. 

6. The image Input/output control system according to claim 1, wherein each of the FIFO buffer of said reception 
means and the FIFO buffer of said transmission means are a FIFO buffer which has two stages respectively. 

7. The image input/output control system according to claim 2, wherein said bus comprises a plurality of buses 
which are different from one another, said second passage passes by way of any one of said buses different from 
one another, and said transfer means selects a passage which passes by way of a bus having a highest speed out 
of said plurality of buses as a transfer passage for the image signal. 

8. The image input/output control system according to claim 1, wherein said reception means has first conversion 
means which converts an image format represented by the image signal from said image input means. 

9. The image input/output control system according to claim 1, wherein said transmission means has second 
conversion means which converts an image format represented by the image signal for transmission to said image 

output means. 

10. The image input/output control system according to claim 2, wherein said reception means and said transmission 
means transfer the image signal by using said bus as a bus master respectively. 

11. An image input/output control system comprising: 

a plurality of buses; 

an input controller for inputting an image signal from image signal input means; 

a first bus interface for connecting said input controller to at least one of said plurality of buses; 

an output controller for outputting the image signal to image signal output means; 

a second bus interface for connecting said output controller to at least one of said plurality of buses; 

a memory to which access can be made from each of said plurality of buses; and 

a controller bus for connecting said input controller to said output controller, 

wherein the image signal is transferred from said image signal input means to said image signal output means 
in a first mode where the image signal is transferred from said input controller directly to said output 
controller, a second mode where the image signal is transferred from said first bus interface to said second 
bus interface, or a third mode wtiere the image signal is transferred from said first bus interface to said 
memory and the image signal is transferred from said memory to said second bus interface. 



12. The image input/output control system according to claim 11, wherein one of said three transfer modes Is 
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selected dependently on functions of said image signal input means and said image signal output means. 

13. The image input/output control system according to claim 11, wherein one of said three transfer modes is 
selected dependently on whether or not said image signal is to be processed. 

5 14. The image input/output control system according to claim 11, wherein one of said three transfer modes is 
selected dependently on used conditions of said memory and said bus. 

15. An image input/output control system comprising: 

an input controller for inputting an image signal; 

a first bus interface for connecting said input controller to a bus; 

an output controller for outputting an image signal; and 

15 a second bus interface for connecting said output controller to said bus, 



wherein said input controller has a FIFO buffer which absorbs a difference in a transfer timing from an 
input source of the image signal, said first bus interface has a FIFO buffer which absorbs a difference in 
the transfer timing from said bus, said second bus interface has a FIFO buffer which absorbs a difference in 
the transfer timing from said bus and said output controller has a FIFO buffer which absorbs a difference in 
20 the transfer timing from an output destination of the output image signal. 



16. An image input/output control system comprising: 

an input controller for inputting an image signal in compliance with an input image signal format; 
a first bus interface for connecting said input controller to a bus; 

an output controller for outputting the image signal in compliance with an output image signal format; and 

30 a second bus interface for connecting said output controller to said bus, 

wherein said input controller has first conversion means which converts the input image signal format into 
an image format for said first bus interface and a FIFO buffer which absorbs a' difference in a transfer 
timing between the input image signal and said first bus interface, 

35 wherein said first bus interface has a FIFO buffer which absorbs a difference in the transfer timing between 

said first bus interface and said bus, 

wherein -said second bus interface has a FIFO buffer which absorbs a difference in the transfer timing 
between said bus and said second bus interface, and 

^ wherein said output controller has second conversion means for converting an image format for the second bus 

interface into the output image signal format, and a FIFO buffer which absorbs a difference in the transfer 
timing between the second bus interface and the output image signal. 



^ 17. The image input/output control system according to claim 16, wherein said input image signal format and said 
output image signal format include a format which represents binary image data, many-valued image data, color 
image data and compressed Image data respectively. 

18. The image input/output control system according to claim 16, wherein said input image signal format is a format 
which allows image signals corresponding to at least two pixels to be input in parallel and said output image 

50 format is a format which allows image signals corresponding to at least two pixels to be output in parallel. 

19. An image input/output control system comprising: 

an input controller for inputting an image signal; 
55 a first bus interface for connecting said input controller to a bus; 

an output controller for outputting the image signal; and 
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a second bus interface for connecting said output controller to said bus, 

wherein said input controUer cacnprises a FIFO buffer which absorbs a difference in"' a transfer timing 
between an Input image signal ancfl said first bus interface, 

wherein the first bus interface cc»mprises a FIFO buffer which absorbs a difference in the transfer timing 
between said first bus interface and the bus, and first DMA control means for controlling DMA transfer to 
said bus, 

wherein the second bus interface comprises a FIFO buffer which absorbs a difference in the transfer timing 
between said bus and said secaad bus interface, and second DMA control means for controlling the DMA 
transfer from said bus, 

wherein said output controller cotmprises a FIFO buffer which absorbs a difference in the transfer timing 
between said second bus interface and the output image signal, and 

wherein the image signal is transferred from said first bus interface to said second bus interface by said 
first and second DMA control meajios. 



20. The image input/output control system according to claim 19, wherein the DMA transfer from said first bus 
interface to said second bus interface can be controlled by either of said first DMA control means and said 
second DMA control means. 

21. The image input/output control system according to claim 20, wherein the DMA transfer from said first bus 
interface to said second bus tnterface iis controlled by said first DMA control means or said second DMA control 

. means whichever has no mar^ain an. itmage signal transfer timing. 

22. The image input/output control systeei according to claim 19, wherein the first bus interface and the second bus 
interface are connected to a plurality of buses, and the DMA transfer is carried out using one of the plurality 
of buses which is used at a lowest rate.. 

23. The image input/output control systenn according to claim 11 configured as a semiconductor device formed on a 
single semiconductor substrate, 

24. A method of providing interface conmection for the transfer of image signals between image input and image 
output devices such as scanners and planters respectively, the method comprising; 

providing a plurality of connectionj means and selecting an optimum selection of connection means for each 
transfer on the basis of predeterntiined criteria; 

wherein the plurality of connection; jmeans comprise; 

(a) direct connection between* snput and output devices; 

(b) connection between input and output devices via a bus; and 

(c) connection between input and output means via a memory in which the image signal is stored. 



25. A method as claimed in claim 24 wha^n the predetermined criteria is based on one or more of; . 

(a) optimum transfer speed; 

(b) memory usage; and 

(c) whether the input and output dievices have synchronous timing signals for data transfer. 



^7- 



EP 1 001 606 A2 




-68- 



EP 1 001 606 A2 




EP 1 001 606 A2 




-70- 



4\ 



o 



2: 

UJ 

UJ: 



UJ 

o 

Q. 



O 

i. 



UJ 

_J 

I 

o 

QC 



8g 

»— 

Q. 

CC 

or 



o 



CsJ 



EP 1 001 606 A2 

4y- /\ 



o 

CO 



cc 
< 



CO 



o 

CD 
CO 

2. 

GO 



O 

CNJ 

UJ 
UJ 
UJ 



if) 



o 
3 



UJ 
X 

ti 



CVJ 

o 



CL 



€0 

CD 

o 

CO 



O 



°==! 

S8 



7^ 



^3 

O 



r 

I / 
I / 

/ 

/ 



CO 

o 



CO 
ZD 
00 



CO CD 52- 



o 



CO 
O 



CD 
7— 



a. 
CD 

S2oo 



cc 

UJ 



o 

CO 



1^ 



o 
< 

u. 

ac 

CO 9^ 

CD 

o 

Q- 



10 

o 



m 
o 

CO 



o 
ir> 

o> 
=> 
CO 
CO 



C 



O 
CC 

h 

'^co 
lis 



< 
o 

CO 



OJ 

o 
CO 

XT 



O 
O) 

CO 

CD 

mo 

C4 o 

CO CNJ 



or 

Ul 

—J 
-J 

O 
cn 



o 
o 



□c 

UJ 



QC 
UJ 



IOo£ 



20 



2 

o 

o. 



O 



CD 



o 
CO 

CD 

<o 00 



8 

CO 



X 

O 0) 

ails 

V-J CO 



O 

o 



-71- 



EP 1 001 606 A2 




-72- 



£P 1 001 606 A2 



FIG. 6 



InlPmmNmi- 
IntPMMO - 
IntBiuDma - 

IntUartO- 
IntUartl - 
IntUart2- 
IntUsb - 

IntPara - 

IntLan - 

IntPciO - 

" IntPcil - 

InlPci2 - 

IntPciS - 

IntPci4 - 

IntPciS - 

IntPcie - 

IntSpcCpeO- 
IntSpcCpel - 
fntSpcOma - 

InlSpcVdoO- 
IntSpcVdol - 



601 



SELECTIVE 
EDGE 

DETECTION 
CIRCUIT 



605 



ADDRESS 



DATA 



CONTROL 



602 



Inl 120:0] 



BBUS 

INTERFACE 



Set 



Int 
Mask 
Logic 0 



Int 
Mask 
Logic 1 



Int 
Mask 
Logic 2 



Int 

Mask 
Logic 3 



Int 
Mask 
Logic 4 



Int 
Mask 
Logic 5 



Read, Clear 



603 



Detect 
and set 
Cause 
Reg 0 



Detect 
and set 
Cause 
Reg 1 



Detect 
and set 
Cause 
Reg 2 



Detect 
and set 
Cause 
Reg 3 



Detect 
and set 
Cause 
Reg 4 



Detect 
and set 
Cause 
Reg 5 



604 

1^ 



Or 



Or 



Or 



Or 



Or 



Or 



-73. 



EP 1 001 606 A2 




-74- 



EP 1 001 606 A2 

FIG. 8 
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FIG. 10 
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FIG. 13 



Burst Write by CPU (SDRAM Burst Length = 4 CAS Latency = 3) 
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FIG. 17 



Single Read Cache Miss (SDRAM Burst Length = 4 CAS Latency = 3) 
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FIG. 18 



Single Write Cache Hit (SDRAM Burst Length = 4 CAS Latency = 3) 
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